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PLACER-MINING METHODS AND COSTS IN ALASKA

By Normax L. Winmmper

INTRODUCTION

Active placer mining in Alaska began near Juneau in 1880, but
the first gold rush did not start until 1896; then the discovery of
the Klondike brought gold seekers from all parts of the world. A
few of the newcomers were experienced miners, but the majority
knew nothing whatever of placer mining. Even those who were
placer miners of much experience found entirely new conditions,
notably frozen ground, that presented many difficult problems. As
a result, numerous methods of mining and of thawing frozen ground
were tried. From these trials the practice described in this bulletin
has been developed.

All known placer fields in Alaska have been mined to some extent,
and some have been virtually exhausted. In most districts, however,
there remain large quantities of low-grade gravel and also some small
isolated areas of comparatively rich gravels which could not be
successfully mined because of adverse physical conditions. These
districts are now the scene of most placer mining, including dredg-
ing, hydraulicking, drifting, mechanical methods of open-cut min-
ing, and ground sluicing (or booming) followed by “ shoveling-in.”

As the richer areas were exhausted, fewer mines were worked and
production declined. The increased cost of supplies incident to
the World War depressed mining further. Economic conditions
are now much better, the cost of equipment and supplies is lower
than for years, and transportation to the more important districts,
especially those reached by the Alaska Railroad and its river steam-
ers, has improved. Methods of thawing frozen gravel with water
at natural temperature have been developed, and the efficiency of
mechanical equipment and power generation has been advanced.
Mining costs have been reduced thereby and an impetus given to
placer mining.

REPORTS OF GEOLOGICAL SURVEY

The published reports of the United States Geological Survey,
which cover more than 30 years’ work in Alaska and include geo-
logical studies, water-supply papers, investigations of placer mining,

1



2 PLACER-MINING METHODS AND COSTS IN ALASKA

and the annual reports on the Alaska mining industry, have been
invaluahle. Most of this work was directed by the late Dr. Alfred
H. Brooks, who, as chief geologist of the Alaska division for 25
years, probably did more than any other person to aid mining in
Alaska. In 1904, when Alaska placer mining was nearing its peak
of production, the late C. W. Purington investigated methods and
costs of gravel and placer mining; his excellent report thereon® has
been accepted as authoritative for Alaska practice. Meanwhile,
many other placer districts have been discovered and actively mined,
mining practice has been modified and improved, and economic condi-
tions have changed.

SCOPE OF BULLETIN

This bulletin gives the results of a study of present conditions
in Alaska placer mining, including the methods employed and the
costs, and will be helpful to placer miners, engineers, and all others
interested in the industry.

Gold placers are widespread in Alaska. There are more than 50
known mining centers, the relative locations of which are indi-
cated on the map (fig. 1). The writer could examine only the typical
districts, beginning his field work at Nome in June, 1922, and later
visiting the Solomon, Council, and Bluff districts on Seward Pen-
insula, then the Ruby, Hot Springs, Rampart, and Fairbanks
districts. In 1923 he examined the Iditarod, Innoko, a part of the
Kuskokwim, the Fairbanks, Yentna, Nizina, and Girdwood dis-
tricts. In August, 1924, he made an airplane flight of 220 miles
from Fairbanks to Eagle and visited part of the Fortymile district,
the Eagle, Seventymile, and Circle districts, and later the Fair-
banks and Girdwood districts. John A. Davis, of the Bureau of
Mines staff, visited the Koyuk, Candle, Inmachuck, Nome, Solomon,
and Council districts on the Seward Peninsula during 1924 to
obtain further data for this bulletin. Although operators willingly
supplied available data on operating practice and costs, only in-
formation that was deemed pertinent has been used. To check
figures as to the area or yardage mined, the average amount of
water used, and similar details has been practically impossible, but
the figures given are the best obtainable. The investigator did not
attempt to sample deposits, ascertain the extent of gold-placer re-
serves, determine the water resources, or study similar features in
detail.

Valuable material on some districts which could not be visited
was obtained by conferences or correspondence with operators and
other responsible persons. Government publications and many

1 Purington, C. W., Methods and Costs of Gravel and Placer Mining in Alaska: U. S,
Geol. Survey Bull. 263, 1905, 273 pp.
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articles on placer mining in Alaska that have appeared in the
techpical press have been liberally used.

Tae costs given are operating costs only, unless otherwise noted.
In general, they do not include royalty, taxes, and charges for
depreciation, interest, amortization, and depletion, which may or
may not be considered by the operator. These are regarded as
capital charges and may be nominal in some instances but are
generally large and at some mines may exceed the operating cost.
It is impractical to figure average costs for the different types of
mining. Mining is conducted under too widely differing condi-
tions, and an average cost based on costs of a number of mines
would be very misleading; therefore, the range of cost for different
kinds of placer mining, with some exceptions, is given and specific
examples are more or less fully described.

As the work progressed, descriptions of placers, mining methods
employed, and conditions at representative camps were published
in the annual reports of the Territorial mine inspector for 1922,
1923, and 1924 to make the essential information available as
quickly as possible. Because many requests for lists of articles and
books on placer mining have been received, a selected bibliography
is printed at the end of this bulletin.

ACKNOWLEDGMENTS

The hearty cooperation and help which mine operators, business
men, transportation companies, and Government officials gave is
most gratifying; their assistance made this work possible.

Special acknowledgment is given the late Dr. Alfred H. Brooks,
of the United States Geological Survey; to B. D. Stewart, of the
Bureau of Mines; and to Charles Janin, of San Francisco, Calif,,
consulting engineer of the Bureau of Mines.

HISTORY
DISCOVERY OF GOLD FIELDS

A Russian engineer in 1850 made the first reported discovery of
placer gold in Alaska. That discovery was in the Kenai River
Basin. A little mining was done there, but the placers were soon
abandoned. During the early seventies gold was found in the
Tanana Valley, but placer mining in Alaska did not really start
until the discovery of gold near Juneau in 1880; prospecting then
began in earnest. In 1886 gold was found in the Fortymile district
(fig. 1, 47), and in 1893 and 1894 in the Rampart district (fig. 1, 37)
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and the Birch Creek placers of the Circle district (fig. 1, 37).
Although these districts were actively mined, the annual preduc-
tion was not large enough to arouse unusual interest. With' the
discovery of the Klondike, in 1896, excitement ran high. A few
vears later the rich deposits at Nome were discovered, followed by
discoveries at Koyukuk, Hot Springs, and Fairbanks (fig. 1, 13, 30,
and 33). The last important discovery was the Tolovana (fig. 1, 32)
in 1915. The map (fig. 1) shows the chief gold-placer districts and
mining centers. The localities designated do not by any means cover
all known occurrences of placer gold, and in some of the districts
mentioned little if any placer mining is now being done.

PRODUCTION

The following table shows the year the principal districts made
the first production recorded, and the total value of the placer gold
and its alloyed silver produced to 1922, inclusive.

Value of the placer gold and silver produced by districts to 1922, inclusives

First First

Value of gold Value of gold

District yfgél;’é. and silver pro- District yfgél?é_ and silver pro-

P on | duced to 1022 PR n | duced to 1922

Fortymile. .. 1886 $6,506,000 | Ruby._....._____........... 1907 $5, 450, 000

Cirele____ 1894 6,775,000 || Innoko-Tolstoi_.._ . _.____. 1907 3, 023, 000

Rampart._.__._. 1896 1,610,000 || Eagle and Seventymile.____ 1908 349, 000

Seward Peninsula...__.____ 1897 83,650,000 || Iditarod. ... .. __________ 1910 19, 108, 000

Koyukuk_.._______.________ 1900 4,904,000 || Chisana_......_...________. 1913 648, 000

Hot Springs. 1902 6, 300, 000 {| Marshall.__ _. 1914 1, 136, 000

Fairbanks. __ 1903 72,340,000 | Tolovana.._ _.| 1915 4, 055, 000

Il%{onlgjﬁ]sld. . 1903 286,500 || All others.. .| 1880 12, 955, 000

antishna.___ 1903 512, 000 —

Richardson._. 1905 1, 738, 000 Total . oo 231, 620, 500
Chandalar.________________. 1906 255, 000

o Compiled from statistics published by U. S. Geological Survey.

During 43 years of mining (1880 to 1922) Alaska produced gold
valued at $335,526,460; of this amount $230,507,000 should be credited
to placer mines. In addition, $1,113,500 worth of silver was re-
covered, most of which was alloyed with the gold.

Of this total more than $200.000,000 has been mined since 1900, when the
industry received its first great stimulus by the gold output of the Nome
district. Other bonanza deposits were soon discovered. and by 1906 the value
of the anual output of placer gold had reached $18.600.000 and the industry
employed 8,000 men. From 1906 the annual output declined, and by 1913 its
value was reduced to $10,680,000 and the number of miners to 4,700. It should
be noted that this reduction (45 per cent) in the value of the placer output took
place before the war, and that it indicated the rapid exhaustion of the bonanza
deposits, * * *

The output of gold dredging increased in value from $20.000 in 1903 to
$2,200.000 in 1913. Dredges had been built so actively before the war that in
spite of adverse conditions they continued to increase their output, which did
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not reach its maximum until 1916, when its value was $2.679.000. The hard
times that followed led not only to the shutting down of the dredges already
built but to the abandonment of some new projects. The dredges reached their
minimum output of gold in 1920, when its value was $1.130.000. This rise
and decline before 1920 was paralleled by similar though smaller fluctuation in
hydraulic and other mechanical mining?

The following tables, published by the United States Geological
Survey,® show the recovery per cubic yard, the yardage of gravel
mined, and the value of gold recovered annually. The increased
yardage mined and the decrease in the average value of gold recov-
ered per cubic yard during 1923 are noteworthy; they are due mainly,
to two large dredges at Nome which began work that year.

Gravel sluiced in Alaska placer mines and value of gold recovered, 1908 to 1923

Value of Value of
Total quan- | gold re- Total quan- | gold re-
Year tity of gravel,| covered Year tity of gravel,| covered
cubic yards | per cubic cubic yards | per cubic
yard yard
4, 275, 000 $3.74 | 7, 100, 000 $1.57
4,418, 000 3.66 7, 000, 000 1.40
4, 036, 000 2. 97 4, 931, 900 1.20
5, 790, 000 2.17 4, 548, 700 1.10
7, 050, 000 1.70 3, 439, 900 1.13
6, 800, 000 1. 57 4,812,700 .88
8, 500, 000 1.26 5,226, 000 84
8, 100, 000 1.29 6, 015, 595 60

Relation of recovery of placer gold per cubic yard to proportion produced by

dredges
Percent- Recovery per cubic vard
alge of
placer
T Soced e | Drodges | i All

uced by | Dredges ines

dredges placers
12 $0. 60 $3.36 $2.17
18 .65 2. 68 1.70
21 . 54 3.11 1.57
22 .93 2.07 1.26
22 .61 2.33 1.29
24 .69 2.64 1.57
26 . 68 2.21 1.40
24 57 1.84 1.20
27 .77 1.31 1.10
29 .69 1.53 1.13
37 .57 1.31 .88
40 .55 1.29 84
51 .40 1.28 60

2 Brooks, A, H., and Capps, 8. R., “Alaskan mining industry in 1922 ; Mineral Re-
sources of Alaska, 1922: U. 8. Geol. Survey Bull, 755, 1924, p. 10.

3 Brooks, . H., “Alaska’s mineral resources and production, 1928 ”; Mineral Resources
of Alaska, 1923 : U, 8. Geol. Survey Bull, 773, pp. 1-52,
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Gold produced by dredge mining in Alaska, 1903 to 1923

Year

Number
of dredges
operated

Value of gold
autput

Gravel

handled,
cubic yards

Value of
gold re-
covered
per cubic
yaid
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Gold and silver produced from placer mines in Alaska in 1922, by regions

Gold Silver Gravel mined

Region R .
Fine Fine Cubic ecovery
ounces Value ounces | velue yards pc;g.ldh ic
Southeastern Alaska.__....._______._ 145. 13 $3, 000 23 $23 1, 800 $3.67
Copper River region_.___ 7.981.88 165, 000 851 85! 3085, 747 .54
Cook Inlet and Susitna region_ 14,173.88 293, 000 2,005 2,095 593, 788 .49
Yukon Basin________ 102, 506. 61 | 2, 119, 000 13,751 13,751 1,999, 167 1.01
Kuskokwim region_ 26, 219. 25 542, 000 2,815 2,815 215, 950 2. 50
Seward Peninsula._._ 61,104.37 | 1,265, 00C 6, 790 6,790 | 2,103,691 .60
Kobuk region. _........ 387.00 8,000 44 44 5,857 1.37
212, 608.12 | 4,395, 00C 26, 369 26,369 | 5,226,000 .84

Statistics of placer mining in Alaska, 1922 and 1923

Number of mines Number of miners Value of gold produced

Region Summer Winter Summer Winter Decrease

or in-

1922 1923 crease,

1922 | 1923 | 1922 | 1923 | 1922 | 1923 | 1922 | 1923 1923
Southeastern Alaska_. 2 5 1] ... 3 12 2l ,000 | $3, 500 —+$500
Copper River region.. 8 9 5 3 91 86 18 11 165,000 | 144,000 | —21,000
Cook 1nlet and Su-

sitna region..._____. 36 35 ) S P 174 130 2 {------| 293,000 | 217,000 —46, 000
Yukon Basin..._.._._| 321 301 9 64 11,254 {1,078 | 321 243 (2,119,000 |1, 644,000 | —475, 000
Kuskokwim region___.; 30 28 | .. 20 137|106 ... 4 2, 000 A —250, 000
Beward Peninsula____| 14 60 11 6 528 | 606 Al 29 |1, 265, 000 |1, 270, 00) =5, 000
Kobuk region______._ o 8 3. 11 13 [ 2 P 8, 000 8O0
507 | 446 120 | 75 (2,198 |2, 081 402 1 287 |4, 395,000 |3, 608, 500 | —786, 500
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FUTURE OF ALASKA PLACER MINING
VALUE OF RESERVES

The volume and gold content of gravel reserves in the known
fields may be roughly estimated, although so many different condi-
tions affect the cost of mining that it is almost impossible to gauge
even approximately how much of this gold can be recovered with
profit. Gravel of tenor workable in one locality may be worthless in
another where conditions are less favorable, and gravels now consid-
ered valueless may in future be considered ore through improve-
ments in mining practice. Brooks* estimates the value of the avail-
able placer-gold reserve in the developed districts of Alaska at $360,-
000,000 and perhaps twice that amount ; there is, moreover, the possi-
bility of new discoveries.

Some years ago the value of the gold reserves in the gravel-plain,
ancient beach, and high-bench placers of Seward Peninsula was esti-
mated at about $215,000,000 and that of the creek deposits at about
$50,000,000.5

Prindle ¢ valued the gold-placer reserves of the Fairbanks district,
excluding some possible dredging areas, at about $50,000,000.

In 1919 a committee (Alaska chapter of the American Mining
Congress) of experienced operators of mines at Fairbanks, under
the direction of John A. Davis, of the Bureau of Mines, estimated
that the creeks tributary to Fairbanks contained 219,200,000 cubic
yards of dredging ground having an average gold content of about
45 cents per cubic yard, totaling $100,200,000.

The Klondike district in the eight years ended about 1905 pro-
duced $107,000.000 in gold; since then by hydraulic mining and
dredging it has produced gold worth more than $70,000,000. Com-
pared with development in the Klondike, placer mining in some
Alaska districts is still in its infancy. Dredging recently started at
Nome and investigations near Fairbanks would indicate the be-
ginning of a somewhat similar era in those districts.

These estimates all show that far more gold still remains in the
known placer fields than has been mined. Future production from
these known fields probably will never reach these estimates, how-
ever, although results indicate that the Nome and Fairbanks dis-
tricts may equal if not exceed their past yield.

+ Brooks, A. H., “ The future of Alaska mining " ; Mineral Resources of Alaska, 1919:
U. 8. Geol. Survey Bull. 714, 1921, pp. 9-11.

5 Collier, A. J., and others, The Gold Placers of Parts of Seward Peninsula, Alaska:
U. S. Geol. Survey, Bull, 328, 1908, p. 138.

8 Prindle, L. M., A Geologic Reconnaissance of the Fairbanks Quadrangle, Alaska:
U. 8. Geol. Survey Bull, 525, 1913, p. 115.



8 PLACER-MINING METHODS AND COSTS IN ALASKA

MINING METHODS

In the early days of placer mining in Alaska selective mining of
the richer ground occasioned much waste. Many deposits were so
gouged that reworking would be impracticable. Much of the min-
ing was neither efficient nor thorough, the lower-grade gravel. or
that which could not be mined profitably by the methods employed,
was left behind, gold was lost in the tailing, or the bedrock was not
properly cleaned. These placers are now the scene of most of the
present activity, and many more still await investigation. Bench de-
posits occur in most of the distriets, and although many have been
mined to some extent the possibilities of most of them are still to be
determined.

A large amount of prospecting and drilling was done during the
earlier days, and it is thought that many placer deposits which were
not considered worth mining then would be deemed satisfactory
now. Records of former work have unfortunately been either lost
or forgotten, and such areas must be reprospected. Moreover, al-
though many creek beds are known to be gold bearing, they have
never been prospected thoroughly enough to determine their pos-
sibilities. Development in certain districts has also been retarded
by the excessive prices or royalties asked by some owners of pros-
pects.

Prospecting in new fields is increasing, and although some new
cold discoveries have been recently made, they have been unim-
portant. However, as a great area is still to be prospected, new
discoveries of importance can be confidently anticipated, although
it is possible that no discoveries as extensive and rich as some of
those in the past will be made.

MINING BY HAND

Manual mining methods, such as ground sluicing and booming,
followed by shoveling in, are suitable where small isolated areas are
to be mined with a minimum outlay of capital. Such methods,
rapidly passing in most of the districts, will always be popular with
many miners who are content with small returns, or a bare live-
lihood. Drift mining is rapidly declining but is generally the
only method practicable for mining deep channel deposits where
the gravel is frozen and the main gold content is concentrated in a
comparatively thin stratum. usually at bedrock.

MECHANICAL MINING

Shallow placers, otherwise suitable for dredging but too small to
justify the installation of a dredge, afford opportunity for open-cut
mining by other mechanical means. However, digging conditions
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must be favorable for the type of machine employed. The gravels
must be shallow, or barren overburden, if there is any, must be
cheaply removed, otherwise mining may be unprofitable. Most of
the mechanical devices formerly used were too costly to operate and
were not mobile enough. The steam scrapers, especially the bottom-
less type, have done satisfactory work, but their period of useful-
ness is passing; in many instances they have been succeeded by
dredges. The drag-line excavator and the cableway excavator an-
swer many of the requirements for economical and efficient oper-
ation, as they afford mobility and can deliver the gravel directly
to the sluices, without intermediate handling.

HYDRAULIC MINING

Hydraulic mining will always be favored where conditions per-
mit. There is an extensive field for it in Alaska, although in most
districts it will be restricted to working comparatively small areas
because deep, extensive deposits with the stream gradient and water
supply necessary for large-scale, low-cost mining are rare. In
Alaska the small inexpensively equipped mine that requires only a
small crew is generally best suited for hydraulic mining.

DREDGING

The increasing search for dredging ground and the growing num-
ber of dredges, especially recent large-scale developments, reflect
conditions in the Alaska placer-mining industry. Dredging now
produces more than half of the Alaska placer gold. This propor-
tion may be expected soon to increase as other methods of mining
give way to the more efficient and less costly mining by dredges.

CONDITIONS AFFECTING PLACER MINING

Short operating seasons, frozen ground, isolated districts with
difficult transportation conditions, high freight rates, and high-
priced labor militate against low operating costs; nevertheless there
is still a vast field of opportunity for experienced and efficient oper-
ators. Under certain favored conditions placer mining in Alaska
has been and can be conducted at operating costs which compare
favorably with those attained elsewhere. In general, Alaska placers
can never be worked as cheaply as those in other countries where con-
ditions are more favorable, so it may be said that although much low-
grade gravel remains a great deal of it will never be mined at a
profit.

The necessity for carefully prospecting the ground and thoroughly
investigating all conditions that affect mining, in order that the right

92405°—27—2
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method of mining can be selected, can not be emphasized too
strongly; unless care and judgment are exercised failure may be
expected. In the past not only have placer properties been taken
over after too meager investigation, but in disregard of ordinary
business principles an otherwise suitable property has been handi-
capped with an astounding amount of overhead or capital invested
in equipment.

The conditions that affect placer mining, the methods of mining
that have been developed through experience to meet Alaska con-
ditions, and the cost of conducting such operations under widely
different conditions are discussed in the following pages.

NATURAL CONDITIONS
GEOGRAPHY '

Alaska and the Aleutian Islands lie between the meridians of 130°
west longitude and 173° east longitude and between the parallels of
51 and 72° north latitude, or in approximately the same latitude as
the Scandinavian Peninsula. The western end of the Aleutian
Islands has almost the same longitude as the New Hebrides Islands
and New Zealand; and Cape Prince of Wales, the most westerly
point of the mainland, is nearly as far west as the Samoan Islands.

The Territory has an area of 590,880 square miles, more than twelve
times that of New York State, or practically one-fifth that of the
United States proper. Its southern point is 700 miles from the
State of Washington by the route usually traveled. The south-
eastern archipelago and strip of mainland extend northwest about
520 miles to the major part of the Territory. which measures ap-
proximately 900 miles from north to south and 700 miles from east
to west; from the southwestern part the Alaska Peninsula and
Aleutian Islands reach out nearly 2.500 miles toward Siberia.

A map of Alaska superimposed on a map of the United States of
the same scale reaches from the Atlantic to the Pacific in the latitude
of Los Angeles, and its most northern and most southern points are
nearly as far apart as Mexico and Canada.

TOPOGRAPHY

The topography of Alaska is so complex that to present briefly
even the salient features is not easy. Because of the importance of
topography as a factor in placer mining, the reader is referred to the
many topographic maps published by the United States Geological
Survey.

7 Compiled mainly from data by Brooks, A. IL., The Geography and Geology of Alasks,
a summary of existing knowledge: U. 8. Geol. Survey I'rof. Paper 44, 1906, pp. 14-17.
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GEOLOGICAL FEATURES

The formation of gold placers is determined by (1) the occurrence
of gold in bedrock to which erosion has access, (2) the separation of
the gold from the bedrock by weathering or erosion, and (3) the
transportation, sorting, and deposition of the auriferous material
derived from erosion.

CLASSIFICATION OF PLACERS

Alaska placers may be classified according to origin as residual,
sorted, and re-sorted.®* Residual placers are formed practically in
place with little or no transportation of the gold by water. Sorted
deposits are the result of transportation, sorting, and deposition by
water. Re-sorted placers are those in which the auriferous material
has passed through two or more periods of erosion before its final
deposition.

Brooks gives a classification,” based on form, as follows:

Creek placers.
of small streams.

Bench placers.—Gravel deposits in ancient stream channels and flood plains
which stand from 50 to several hundred feet above the present streams.

Hillside placers.-—A group of gravel deposits intermediate between the creek
and bench placers. Their bedrock is slightly above the creek bed, and the
surface topography shows no indication of benching.

River-bar placers—Placers on gravel flats in or adjacent to the beds of
large streams.

Gravel-plain placers—Placers found in the gravels of the coastal or other
lowland plains.

Sea-beach placers.~—Placers reconcentrated from the coastal-plain gravels by
the waves along the seashore.

Ancient beach placers.—Deposits found on the coastal plain along a line of
elevated beaches.

Lake-bed placers—Placers accumulated in the beds of present or ancient
lakes that were generally formed by landslides or glacial damming.

Gravel deposits in the beds and intermediate flood plains

It is evident that these classifications contain intermediate types
which may belong to either of the two groups. Most of the placer
gold that has been mined in Alaska comes from creek, bench, and
beach deposits.

CREEK PLACERS

Residual placers have been found at a number of localities, no-
tably at the head of Flat, Happy, and Chicken Creeks in the Iditarod
district (fig. 1, 27), but have not been an important source of gold.
Creek and bench deposits are found in virtually all the districts.

# Brooks, A. I1., © The mineral deposits of Alaska ' ; Mineral Resources of Alaska, 1913 ;
U. 8. Geol. Survey Bull, 592, 1914, pp. 25-32.

? Brooks, A. I1.,, Outline of economic geology; The Gold Placers of Parts of Seward
Peninsula, Alaska: U. 8. Geol, Survey Bull, 328, 1908, pp. 114-145, Lake-bed placers
not included.
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They may be of either ancient or modern origin, or of the sorted or
re-sorted types. Modern creek placers occupy the present creek
channels and usually contain gravels from a few feet to 10 feet or
more deep. The sorted ancient placers are those in the benches or
terraces along present streams and have all the characteristics of
the modern creek placers except that they have been dissected. Such
bench placers are quite common in many districts. The deeply
buried channels or “deep gravels” are deposits of ancient water-
courses which occupied the present valleys, but are now buried under
a thick covering of alluvium. These deep channels usually have a
rather straight course with only a few large bends, lie on a bedrock
floor whose downstream slope is generally a little steeper than that
of the present valley bottoms, and ordinarily are centrally situated
with reference to the bedrock slope of the valley. In the headwater
regions of the creeks the deep gravels may merge with those of the
present streams, and here the entire section may consist of gravels.
The best examples of these deposits are in the interior of Alaska,
particularly in the Fairbanks, Hot Springs, Tolovana, and other
districts in the Yukon-Tanana region (fig. 1, 30, 32, and 33). Here
the gravels, which ordinarily are 10 to 40 feet thick, are buried un-
der an accumulation of muck or black humus, fine gray sand, silt,
and clay, 10 to 300 feet and more thick.

BENCH PLACERS

Bench placers have all the characteristics of modern stream
placers, but their bedrock floor is higher than the present bed of the
stream. Gravel terraces are wide flat gravel deposits, whose surfaces
are considerably above the high-water level of the stream and whose
bedrock floors are only slightly, if at all, higher than the stream
bed. The present streams have cut into the thick covering of the
deep channel deposits, forming surface terraces that resemble
benches, although the bedrock floor generally has the same elevation
as that of the present stream bed; such deposits are often wrongly
classed by many miners as bench deposits. High-bench deposits
have resulted from the action of streams of a former drainage sys-
tem, now preserved only in fragmentary form. Unlike the bench
deposits of the present valleys, they have no direct relation to exist-
ing drainage channels. These high gravels are sometimes called
“bar” deposits. The best examples are in the Rampart, Hot
Springs, and Ruby districts (fig. 1, 28, 30, and 37), where they are
low grade and have not been workable to any extent. Some of the
high-bench placers near Nome, which form the divide between Dex-
ter and Anvil Creeks, have, however? been quite productive.
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SEA-BEACH PLACERS

Sea-beach deposits of the modern type are virtually all re-sorted;
they have been formed by wave action which erodes adjacent
alluvial deposits and concentrates their gold contents in places along
the beach. Such deposits occur along the Pacific seaboard at Lituya
Bay, at Yakataga, Kodiak Island, and elsewhere. The most im-
portant beach placers are at and near Nome; large amounts of gold
have been won from them. Sea-beach placers are usually of small
extent, but each high surf causes new enrichments.

The ancient re-sorted sea-beach placers probably include the same
types as the modern ones. At Nome there are both submerged
and elevated beach placers, formed at times when the land stood at
different altitudes with respect to the sea. These beach lines have
been very productive. The gravels are covered with muck and
overburden, and, in general, their total depth ranges from 30 to
100 feet.

RIVER-BAR, GRAVEL-PLAIN, AND OTHER PLACERS

River-bar placers contain mostly fine gold, deposited at certain
places of minimum water movement. Some of these placers have
been profitably mined by hand labor; most of them are not exten-
sive enough to repay work on a larger scale, as by dredging. Hill-
side placers do not occupy well-defined channels but are a transi-
tional type between residual and gulch placers. River-bar and
hillside placers are unimportant commercially.

Gravel-plain placers are in part modern but are chiefly ancient;
they are somewhat intermediate between creek and river placers.
Of this type are the so-called “tundra” placers of Nome, whose
present importance has been due chiefly to their having supplied
gold to some of the re-sorted beach and stream placers. Glacial
deposits may contain gold but have little economic value unless they
have been re-sorted by post-glacial streams or have derived their
gold from an unusually rich primary source.

In most Alaska placers the gold is found chiefly on or near bed-
rock but may be present in economic quantities 10 to 20 feet and
even more above, although the upper gravel is rarely rich enough
to be mined alone. Some placers have two or more pay strata
separated by beds of muck, sand, clay, or low-grade or barren
gravel. Gold is also found in the bedding planes and crevices of
bedrock, generally not more than a foot or two below its top,
although in seamy ground, particularly limestone and schist, it may
continue 10 feet or more in the bedrock. In many placers the bed-
rock has formed a sticky clay or “gumbo,” and the gold may lie
on or be distributed through this clay. The coarsest gold is gen-
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erally found in the lower gravel or on bedrock, and at the creek
and bench deposits, especially the rich channel placers, it lies in well-
defined pay streaks. As the outer limits of a deposit are reached
and the tenor of the gravels diminishes, the gold becomes finer.
Grold in the marginal gravels is known as “side pay.” However,
there are numerous re-sorted placers, especially in the interior,
without definite pay streaks or channels; in these the gold is often
coarse and lies in irregular patches.

The placers in the narrower valleys often range from about 50 to
as much as 500 feet wide and usually are V-shaped. In the wider
and flatter valleys dredging over maximum widths up to 1,000 feet
has often been practical; at several places the pay gravel has been
found to be more than 2,000 feet wide. The general character and
the depths of the placers being mined are described in more detail
under “ Mining methods.”

MINERALS ASSOCIATED WITH PLACER GOLD

Accessory minerals associated with placer gold are magnetite,
pyrite, garnet, ilmenite, tourmaline, ruby, and others of rarer occur-
rence. Inthe Nizina district (fig. 1,47) much native cdpper and some
silver are recovered in the sluices. Native silver has been found
in a number of other districts. Alluvial tin or cassiterite is found
with the gold in the Ruby (fig. 1, 28), Circle (fig. 1, 37), and other
districts and is a valuable by-product in the Hot Springs (fig. 1, 30)
district. Alluvial tin was at one time a by-product of placer min-
ing for gold in the York region on the Seward Peninsula, and
some of those placers were later mined chiefly for their tin content.
Cinnabar, scheelite, wolframite, barite, and galena are frequently
found in the gold placers of many districts. Platinum has been
found along a number of creeks in the Yukon Basin and south-
western Alaska and is recovered in commercial quantities with the
gold at Dime Creek (fig. 1, 5) on the Seward Peninsula.

CLIMATE

Alaska’s geographic position, extent, and varied topographic fea-
tures have produced physical conditions that make strong contrasts
between the different districts. Nearly three-quarters of Alaska
lies within the North Temperate Zone, and the climate is by no
means as uniformly arctic as people unfamiliar with conditions
believe it to be.

Although some of the districts farther north have very cold,
rigorons winters, in general the climate is healthful and invigorat-
ing. The open season, although somewhat variable, averages from
May to October. The length of the season for placer mining is
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three to six months, varying with the locality and the method of
mining employed. One noteworthy effect of Alaska climate is the
frozen condition of the ground, which prevails in most of the
districts.

There are three general climatic regions in Alaska, and each in
turn includes a number of subordinate provinces.*®

The maritime region adjacent to the Pacific Ocean has a heavy
annual precipitation (50 to 190 inches), a comparatively high mean
annual temperature (35 to 48° F.), cool summers (mean tempera-
tures 50 to 55° F.), and mild winters (mean temperatures 20 to 35°
F.). Maximum annual variations are comparatively small com-
pared with those of the western provinces, the records showing from
—27 to 94°. The inland region beyond the coastal mountains has a
continental semiarid climate (precipitation 9 to 15 inches), com-
paratively warm summers (mean temperatures 50 to 58° F.), and
cold winters (mean temperatures 0 to —15° F.). The range of
extreme temperature is striking, from —76 to 100° F., but the range
of mean annual temperature is 15 to 27° F. The region tributary to
the Arctic Ocean has a precipitation of only about 6 to 8 inches, an
average summer temperature of 40 to 45° F., a winter temperature of
about —10 to 16° F., and an extreme variation of —54 to 66° F.

The climate of the coastal region is comparable with that of Scot-
land and the Scandinavian Peninsula in Europe, but is somewhat
warmer; the climate of the inland region is not unlike that of
Alberta, Saskatchewan, and Manitoba in Canada. The northerly
region bordering the Polar Sea is the only one in which arctic con-
ditions prevail. The season of 1922 in most of the placer districts
was cold and rainy, thawing was slow, but there was an unusually
large supply of water, whereas the season of 1923 was dry and hot,
with a drought that lasted several months. These years showed such
decided changes from the normal that they can be taken as examples
of maximum and minimum conditions. The accompanying climato-
logical tables for these two years were compiled from annual reports
of the United States Weather Bureau at Juneau.!!

10 Report of the Alaska Railroad Commission: House Doc. 1346, 62d Cong., 3d sess.,
pp. 28-32. The figures have been revised by the U. S. Weather Bureau, Department of
Agriculture.

1t Summers, M. B., Climatological Data, Alaska section, 1922 : Department of Agricul-
ture, U. S, Weather Bureau, Junean office. Mize, R. C., Climatological Data, Alaska sec-
tion, 1923 ;: Department of Agriculture, U. S. Weather Bureau, Juneau office,
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—50)
—59
—69)
—35
—40

—26
—40)
—47

30% —53
6 |—45

2.69| August.___.
2.90( January__.

4.34 July._..___.
3. 03| September

August___.
September
Jul

May. ...

June______|....__

March____(__._..
23| November | 85. 4|
63. 4

Nov.
Nov.

Oct.

Nov.

Oct.
Dec.

Oet:
Oct.
Oct.

Sept.
Sept.

8
9

30

s River or harbor open throughout year.

b Occurred also on other dates.
¢ Record incomplete.

4 Less than 0.1 inch of rain or melted snow.

Note.—Upper line of figures for year 1922; lower line for 1923.

¢ 44 days missing.

Freezing temperature recorded each month of year.
¢ Two months missing.
A Arrival of first boat and departure of last boat.
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18 PLACER-MINING METHODS AND COSTS 1N ALASKA

COSTS
TRANSPORTATION AND FREIGHT RATES
OCEAN, RAIL, ANp RIVER TRANSPORTATION

Ocean traffic between ports in the United States and the Pacific
Ocean ports in Alaska, except ports on Cook Inlet, is maintained
throughout the entire year, and the Bering Sea ports are open from
early June until late October.

The Government railroad, under the direction of the Alaska En-
gineering Commission, maintains regular service throughout the
year between Seward and Fairbanks over a 470-mile standard-gauge
track; a 32-mile narrow-gauge branch connects Happy Station, near
Fairbanks, with Chatanika; and a 40-mile standard-gauge branch
connects Matanuska with the neighboring coal fields. In 1923 the
Alaska Engineering Commission put two river boats in weekly serv-
ice, during the open season, between Nenana on the Tanana River
and Holy Cross on the Yukon River. Privately owned launches
ply on the lower Yukon River below Holy Cross and touch points
on the various navigable tributaries of the Yukon. The Copper
River & Northwestern Railroad operates between Cordova and points
along Copper River to Kennicott, a distance of 192 miles.

Before the Government railroad was completed, transportation to
the interior districts was via the Yukon River, up from St. Michael,
or down from Dawson via Skagway. The upper Yukon River
as far down as Rampart is now best served via Skagway, over the
White Pass & Yukon Railroad to White Horse, and thence via
this company’s river boats to Dawson and points down river. These
boats go as far as Nenana on the Tanana River. These rivers are
open to navigation from the end of May to early October.

Ocean-freight and through water rates to most points on the
Yukon River are now higher than during the boom days because of
the great decrease in volume of freight handled, lack of competition,
and the increased cost of-operating the boats. Since completion
of the Government railroad, freight rates have been greatly reduced
to points along its line and to some of the interior points. Although
the rates to points on the Yukon River touched by the two Govern-
ment steamers are still high, they are, in general, much lower than
they would have been had this service not been established. One
of the greatest benefits of the Government railroad has been to
make many interior districts “all-year” camps. Without this rail-
road many mining operations in the interior could not continue nor
would the large dredging projects under consideration in the IFair-
banks district (fig. 1, 35) be practical.
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The tables of ocean, rail, and Yukon River rates were compiled
from tariffs for 1923. No changes in the base rates were made in
1924, and no reduction in the near future was anticipated.

Alaska freight rates

‘]X:')ork,
eer-
Cor- Nome | St Gole- ing,
Seattle or Tacoma, | Ketchi- 3 dova, An- Bethel Me- (ship’s {,“'_ vin Kea-
Wash., to— kan |'U0®8Y|valdez,| chorage| D¢ Grath | (S3RS| A (ship’s ¢
’ Seward side)e | chael | gje)a ;(Vﬁilzl;’-
bue s
Miles from Seattle._ - 754 1,032 1,1 ﬁg?“—s 2,144 2,170 2,670 2,500 2,620( . . |-cooo.--
,
Coal, sacked, r °$13. 65/ $20.00| $14.00] $14.00
2,000 pounds. _l_)?__}»m.oo .00 $5.00  $6.00/--...... {415. 65 23, 17.00] 1700
Fn:f]aﬁght, n. 0. S., or-
inary. . .._....... . 3 . 21. 00
General merchan |} 57.500 850 13.00 1500 5 R I W
dise..oooooo_... . g :
General groceries._ .. N
) > c
Gratn,teod per 2000 07,50 550 1200 14,00 ... o lun By ER A%
____________ & . . . X
Hay, in bales, 22 = 00
poinéds ormoreio | #1100 12,00 1450 16.50.._... E g (a0 2o 2% 2%
1 cubic foot . - . ____ 3 g . g
High explosives o c33.00| 47.50; 40.00{ 53.00
gowdeg......,“_'_}b“'m 14.00 2150  24.00.-..._.. =3 {435. 50| 5200 44.50 6000
e pa oy 58 |fen 28,50 22.50 25.50
not over 32 feet 7 00 gy 1500 1650 .. __ 2% {423'83 nwo ny an
g : . .
=]
. ery, -] 3 . . 17. 50
no single plecé } b 7,50 8,50, 13.00] 15.00[__._.._. %a { ;}288 gg gg {g% 97,00
off % Smpuniy. i
3 cie 5
ga’léonrdrum 'at 24 |¢ v7.50 7.0 12.50| 14.50|..__.. fg {0 200 1890 2190
cubic feet__.__.___ B - . L
cou 110 [} vrs0 780 1250 w0 zs (ki B 28 2B
............... “
2
Return freight south- - *E
bound 38
b=l
C?iﬂiersS, 118}? li,]ty g‘g ¢3. 50| 7. 00| 4. 50| 4.50
rum allon . . . .
drum at 24 cubic [ ' 50) B0 4| AT £ {8 70 &3 &%
eet- . _____________
orte tos 24 alte not z 7.500 /1.00] 7.0
rates, value no < LY . .
exceeding $60 per |[ "+ 00| 400 450 575 < { 47.50, 113.50  7.50( 9.
2,000 pounds. _____
25 per cent addi-
tional for each 100
per cent or frac-
tion over.

s Lighterage from shi

® Commodity rate as specified.

< In carload lots.

d In less than carload lots.
¢ Additional charge for pieces over 4,000 pounds.
/ Rate for valuation not exceeding $100 per 2,000 pounds.

NoTes.—All rates in dollars and unless otherwise specified are on basis of ship’s option, per ton of 2,000

pounds by weight or 40 cubic feet per ton measurement. 10t |
wharfage, storage, transfer, lighterage, or other terminal charges, or marine insurance.

p’s side to shore, $8 to $12 per ton additional.

and wharfage charges at both ends are about $3 to $4 per ton.

Rates do not include charges for handling,

Average handling



Joint freight tariffs via Anchorage and the Alaska Railroad, 1923, between Seatlle or Tacoma and Alaska points

" Tal- Fair- Chata- Holy Marshall
Alaska points— keetna banks nika ¢ | Cross via
N.C.Co.
Miles from Seattle . ... oo 2, 256 2,497 2, 522 3,164 3,299
Article
Coal in sacks:
C. L., minimum weight 20 tons, class D__._._... $18. 00 $25. 20 $28. 60 $29. 40 $42. 80
L.C.L,class 4. ... ____________._.... 30. 40 48. 20 51. 80 50. 80 63. 80
High exp]oswes, caps, fuse, etc.:
. L., minimum weight 10 tons, class 1_.__._.._-- 48. 20 76. 40 80. 40 77.60 90. 60
L.C.L,lessthan6tons «_ _________._______._.... 72. 40 114. 60 119. 20 116. 40 129, 40
Groceries, mixed, carload lot:
Minimum weight 12 tons, class 5 <. __________.___ 27. 80 41. 00 47.00 46. 00 59. 00
L.C.L,class 1..______________ 48. 20 76. 40 80. 40 77.60 90. 60
30. 40 48,20 51. 80 50. 80 63. 80
Grain, flour in sacks:
C. L., mixed or straight, minimum weight 18
19. 40 28,20 35. 00 32.00 45. 00
30. 40 48. 80 51. 80 50. 80 63. 80
Hardware, iron or steel:
C. L., minimum weight 15 tons, class3._.._..___ 34. 60 55, 60 59. 20 57. 80 70. 80
L.C. L, class 2. . 40. 00 64. 00 67. 80 65. 80 78.80
Hay in bales, 22 pounds per cubic foot:
C. L., minimum weight 12 tons e_____.__________ 21. 40 27.00 30. 20 31. 20 44. 20
L. C L., elass 3. oo 34. 60 | 55. 60 59. 20 57. 80 70. 80
Lumber, common: i
C. L., minimum weight 20 tons «<________________ 15. 80 21.20 24. 60 25. 60 38. 60
L.C.L.,class 4 .. 30. 40 48.20 51. 80 50. 80 63. 80
Mining machmery, any quantity.c Single pieces not
over 4,000 pounds 4___________________________...__ 22,00 30.00 33.00 30. 00 43. 00
Oils, exploswe, fuel, in drums:
C. L., minimum weight 13 tons, class 5__.._...__ 27.80 41. 00 47.00 46. 00 59. 00
L.C.L,class 3 eeeae 34, 60 55, 60 59.20 57.80 70. 80

Via A. Y. N. Co.

St.
Michael
(launch) Beaver Circle Eagle

3, 540 2, 889 3, 062 3,237

$49. 40 $51. 40 $57.30 . 40
70. 80 72. 80 78. 80 78. 80
97. 60 124. 20 136. 20 148. 20

136. 40 160. 60 172. 60 184. 60
66. 00 68. 00 74. 00 80. 00
97. 60 99. 60 105. 60 111. 60
70. 80 72.80 78. 80 84. 80
52. 00 45. 00 54. 00 60. 00 66. 00
70. 80 63. 80 72.80 78. 80 84,80
77. 80 70. 80 79. 80 85. 80 91. 80
85. 80 78.80 87. 80 93. 80 99, 80
51, 20 44. 20 53. 20 59. 20 65. 20
77.80 70. 80 79. 80 85. 80 91. 80
45. 60 38. 60 47. 60 53. 60 59. 60
70. 80 63. 80 72. 80 78. 80 84.80
50, 00 46. 00 56. 00 61. 00 67. 00
66. 00 59 00 68. 00 74.00 80. 00
77.80 79. 80 85. 80 91. 80
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Return freight

Used empty oil drums: L. C. L. to Anchorage only /__
Ore and concentrates in sacks, declared value not over
$50 per ton:e
C. L., minimum weight 20 tons ¢________________
C. L., minimum weight 10 tons ...
L. C. L., under 10 tons ¢

|

{
6. 80 14. 40 15. 60
7.20 10. 50 12.00
9. 00 13.75 15. 00
0.80 16. 50 1

a Includes $3 per ton transfer charge from standard to narrow-gauge track.
b All points on the Tanana and on the Yukon Rivers between Tanana and Holy Cross have same rate as Holy Cross

¢ Special commodity rate.

4 Additional charge made for all heavy pieces weighing over 4,000 pounds.

« Special carload commodity rate, minimum weight 20 tons.

/ No through rate. Rate given is to Anchorage only, to which ocean rate must be added.

¢ Additional charge of 25 per cent for each 100 per cent or fraction thereof of excess valuation declared.

Norte.—All rates in dollars and cents per ton of 2,000 pounds. Rates via Seward higher on classes 1to4. Rates on Tanana, Yukon, Innoko, and Iditarod Rivers effective only

during season of navigation until Sept. 1 of each year.

All wharfage and handling charges at Seattle or Tacoma, Anchorage, Nenana, and at destination included in rates given.

SLS00
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22 PLACER-MINING METHODS AND COSTS IN ALASKA

Joint freight tariffs via Skagway and Yukon Territory, 1923, between Seattle
or Tacoma and Alaska points on upper Yukon River

Alaska points__. .- ... ... [ Eagle Circle | Beaver | Rampart

Miles from Seattle. . ______ ... 1,776 1,951 2,124 2,299

Article Classification

Coal in sacks:

Carload. .. ___________._______..________ Commodity_.._._. $51. 00 $56. 00 $59. 00 $60. 00
Less than carload..... | Class A_._.._._._. 74.00 74. 00 74. 00 74.00
High explosives, caps, etc. | class O .. 157. 50 157. 50 157. 50 157. 50
Groceries . __________________ ... Class A ... 74. 00 74. 00 74. 00 74. 00
Class B ... _______ 40. 00 90. 00 90. 00 90. 00

General hardware, merchandise..__________ Class A__.__..._.. 74.00 74. 00 74.00 74.00
Lumber, common._ . .______________________| ____ d I 74.00 74. 00 74. 00 74. 00

Hay and grain 74. 00 74. 00 74. 00 74. 00
Mining machinery, single p)eces welghmg

not over 4,000 pounds: ®

Carload 56. 00 56. 00 58, 00 58.00
Less than carload._.__. 74. 00 74. 00 74.00 74. 00
Qils, explosive, engine, cte.. 90. 00 90. 00 90. 00 90. 00
Oils, fuel, coaloil,ete______________________ 74.00 74. 00 74. 00 74.00
Return freight to Seattle or Tacoma
Empty oil drums, containers._____________ Yelass A ____ 37.00 37.00 37.00 37.00
Ore and concentrates, value not over $100 |..._. doooo.o_ 37.00 37.00 37.00 37.00
per ton.

a Also special commodity rates on certain groceries in mixed carload lots from $53 to $65 per ton to Eagle
and $62 to $65 per ton to Rampart.

» Additional charge made for all heavy pieces weighing over 4,000 pounds.

Note.—All rates are for less than carload lots in dollars per ton of 2,000 pounds unless otherwise noted.
Wharfage, storage,and handling charges are additional. Class rates apply only from opening of naviga-
tion to Sept. 10, 1923; commodity rates until Aug. 5. Carload lots of minimum weight of 20,000 pounds.
](;ax;oad lclasscra;egs are the same to all points given and are: For class A, $68 per ton of 2,000 pounds; class

80, class 2.

Coastwise and river freight rates

feni
From (district and Dis- orars
place)— To— tance g?rzt&% Remarks
pounds
SEWARD PENINSULA
Miles
Nome....oc.ooot St. Michael......... 120 $20.00 | Gas boat via Norton Sound.
Solomon._ .. ___...._.[...._. 10. 00 Do.

Do.
Gas boat via Bering Sea.
Do.

Do.
Gas boat via Koyuk River.
Gas boat, horse scows via Fish-Niuluk

Golovin (ship’s side)s.

. River.
Teller (ship’s side)e.__| Davidson__......._. 40 15.00 | Gas boat.
INTERIOR

Nenana__._..._......_ Roosevelt _________. 256 40.00 | Gas boat via Kantishna River.
Lake Minchumina..| 360 80. 00 0. 3
Livengood 180. 00 | Gas boat and team via Tolovana River.

Koyukuk Station.____ Bettles._._______ 50.00 [ Gas boat via Koyukuk River.

Bettles .. __.__________ Nolan.._____._ 160. 00 | Horse scow via Koyukuk River.

Holy Cross............ Cripple_ - 40.00 | Gas boat via Innoko River.
Iditarod.. 39.00 | Steam and gas boat via Iditarod River.

(‘npple _______________ Ophir_.___ 100. 00 | Horse scow via Innoko River.

Bethel. . ______________ Akiak ________ 8.00 | Steamer via Kuskokwim River.
MecGrath_____ 25. 00 Do.

MeceGrath........_.... Tacotna_______ 25.00 | Gas boat via Tacotna River.

Rainbow._____________ Hope.____._________. 6.00 | Gas boat via Turnagin Arm.

s Rates include lighterage from ship’s side.



Overland freighting rates and distances
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From (district and Dis- Summ(ir Winter
place)— To— tance
Rate |, Means Rate Means
Seward Peninsula: Miles
Nome.._._.___. Boulder Creek....| 14 $0.025 | Wagon road
..... doo el L0125 | Autoroad______.__
Submarine Beach_ 3
Dexter Creek_____ 8 1 1600 |..___
Osborne Creek_.__| 11
Anvil Creek_ ... 4
Glacier Creek.____ 9 - .
Davidson Taylor Creek.__._. 40 Winter trail.
Candle.. _| Candle Creek._____ 6
Solomon. Eskimo dredge.._. 5 -
Shovel Creek_____| 10 3
Big Hurrah Creek. 11 3
Canyon Creek....| 27 3
Couneil .__.____ ‘Warm Creek..___. 10 X
Ophir Creek,lower_ 4 3 do
Ophir Creek, W 10 10.00 | Railroad horsecar.|...___....
Iditarod: G. Co.
Iditarod ______ Flat .. ____..___. 8 Tram or auto.____
Flat Willow Creek.____. 7 Y
Chicken Creek.... 7
Upgrade Assoc_.__ 5
Granite Creek 4
Dredges_______ 1
Innoko: Mooare Creek 40 Dog team.
Ophir___._____. Ophir Creek_____ 4 . .
Spruce Creek.__ . __| 6 . d Winter trail.
McGrath._____ Tacotna._______._. 25. Gas boat__. Do.
Tacotna - ____. Yankee Creek 10.00 | Tractor road . o—_.| - __._.__
_____ do 35. 28.00
Ganes Creek. .03
Little Creek .02
Ophir_.__._________ .025
Eagle-Fortymile: ¢ | Gravel Gulch .01
Eagle. Dome Creek .03
Steel Creek__ __.__ .04
Jack Wade Creek 67 . 06
Franklin Creek...| 80 . 0625
Chicken Creek.._.| 91 .06
Circle: Circle...___ Central House_.. .| 34 .02
Deadwood post 42 .03
office.
Miller House . __.. 50 P {1 [ 0 50. 00
Fairbanks: Eagle Creek_____.| 59 . 115 | Wagon-road trail__ . 045
Fairbanks______ Ester, Engineer, {_______ .01 | Autoroad.. _.____l______....
Goldstream and
Pedro Creek.
Ester, Fox, Gil-| 532 002~. 05 | Narrow-gaugerail-|_.________
more, Ridgetop, road.
Olnes, Flderado,
and Chatanika.
Gilmore.______. Caribou Creek.... Tractor sleds.

Rampart: Rampart

Hot Springs:
Landing.___.__
Slough__.._..__

Hot Springs.___
Tolovana:
Dunbar..._____

Kantishna:
Roosevelt____..
Bonnifield: Hosena_
Valdez Creek:
Cantwell.

_do
“Little Minook ____

Hot Springs___ . ___
Tofty . ____________
Woodchopper_____
American Creek _

Fureka

Long. ___________.

Greenstone (‘reek

Meketehum Creek

Spruce Creek _ __

Flat and Solomon
Creeks.

Eur qu Creek._

Platt@ Creek .
Valdez Creek

Launch and sur- |.

face tram.
Wagon road_______
Wagon_.

: Man, pack horse__|_

Pack horse_.__._..

Winter trail.
Do.

Winter trail. .
Do.
Do.
Do.

Dog team.

Winter trail.

¢ Winter rate to Fortymile camps via Fortymile on Staples from 1to 214 cents less than that given above,
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Orerland freighting rates and distances—Continued

From (district and To— Dis- Summer _ Winter
place) tance | pate Means Rate Means
Miles
Yentna: Talkeetna_| Cache Creek_.____ +0 $0.20 | Wagon______..__.. $65. 00 | Winter trail.
All camps except |....___ L2000 oo do._ . ____.___ 65.75 Do.
Dollar  Creek,
head.
Shushana: Mec- | Chisana..__.___._. 100 .25 I
Carthy. Creeks (various) _ _|______. .275 .20 | Dog team.
Nizina: MeCarthy_| Dan Creek________ 15 NG 20. 00
Chititu Creek._._. 17 .07 24.00

Nore.—Rates given in cents per pound or dollars per ton of 2,000 pounds. *Wagon road’’ means road
all the way; “wagon’’ partly road, partly trail.

Under the conditions encountered the combined ocean, rail, and
river freight rates to districts can not be considered a severe handi-
cap to placer mining, except possibly when the first equipment and
supplies are shipped in.

The average placer mine in Alaska requires from a few tons to not
over 25 tons of supplies per season (exclusive of fuel). Some of
the larger steam scrapers and hydraulic outfits may require a little
more and the dredging companies from 50 to 300 tons per season,
including fuel. In the more isolated districts the additional cost
of overland transportation, which sometimes doubles and often more
than quadruples the freight rates, can readily become prohibitive; it
has caused rapid decline in operations and has retarded development.
In isolated camps with regular mail service, parcel post, at 12 cents
per pound, is much cheaper for small orders than the usual freight

rate.
ROADS AND TRAILS

The urgent necessity for improving traffic conditions is one of the
best arguments for building more roads and suitable trails. In most
districts the bulk of overland freighting must be done in the winter;
it is often unsatisfactory but cheaper than summer haulage. On
the seaward slope the swampy sections become almost impassable in
the rainy season, and in the interior and the Seward Peninsula dis-
tricts, travel is even more difficult as the surface of the ground
thaws.

During its 18 years of existence the Alaska Road Commission has
expended about $8,000,000 upon a system of roads and trails, con-
sisting of 1,114 miles of wagon road, 623 miles of sled road, 4,404
miles of permanent trail, and 712 miles of temporary flagged trail.**

The funds provided by the Territorial and Federal Governments
for roads and trails have not permitted extension and maintenance
of this system in keeping with plans outlined by the commission.
Early completion of roads under construction between Chatanika
and Circle, Talkeetna and Cache Creek, Ruby and Ophir, Tacotna

12 Report of the Chief of Engineers, U. 8. Army, for 1922, part 1, p. 2233, and Report of
Board of Road (‘ommissioners for the fiseal year 1922, part 2, pp. 5-101.
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and Ophir, Nome and Deering (via the Seward Peninsula Railway
route), and Dime Creek and Candle would undoubtedly hasten the
development of these important districts. The Seward Peninsula
Railway, a narrow-gauge line between Nome and Shelton, a distance
of about 90 miles, after being idle for many years, has recently been
acquired and repaired by the Territorial Government and turned
over to public use in transporting passengers and light freight.
Small gasoline-driven cars and light trucks pulled by dogs are pri-
vately used for this. The Bureau of Public Roads is now construct-
ing roads in the forest reserves; some of these will be of direct bene-
fit to placer mining.

POSSIBILITIES OF AIRPLANE SERVICE

The practicability of air service in Alaska has been demonstrated
by numerous flights of private planes from Fairbanks to various
placer camps within a radius up to 250 miles. Distances were covered
in two to three hours which would ordinarily require as many weeks.
Conditions for operating airplanes and hydroplanes in Alaska are
said to be unusually satisfactory, and the early development of this
means of transportation is predicted.

COMPARISON OF COSTS BY DIFFERENT METHODS OF FREIGHTING

Freight rates to and between the principal Alaska ports and placer-
mining centers by various means of transportation have been shown,
for the more important commodities, in the tables.

Distillate and other fuel oils are generally shipped in 55 or 110
gallon steel drums. These drums, empty, weigh 55 and 210 pounds,
respectively, and when shipped full are accepted on ocean lines on a
measurement basis of 12 and 24 cubic feet each. Where freight rates
are based on weight, as on the railroad, an appreciable saving can be
made by using the 55-gallon drums. These drums are also handled
more easily, and the loss by leakage is therefore lessened. The new
I. C. C. 55-gallon steel drums now being used measure 11 cubic feet,
weigh less than old-style drums, and are cheaper in first cost.

The steamship lines handle most articles on the measurement
basis, whereby 40 cubic feet is considered equivalent to a ton. A cubic
ton-usually weighs 15 to 30 per cent less than the short ton of 2,000
pounds.

On the Seward Peninsula summer hauling by team over made
roads is normally $1.50 per ton-mile; where there are no regular
roads, or with cross-country travel, $2.50 per ton-mile. Winter haul-
ing averages $1.50 per ton-mile. Two-horse teams with a driver can
be hired for $18.50 to $22.50 per day and four-horse teams for $35
and $40.13

% From W, J. Rowe, freighter, Nome, Alaska, 1922,

92405°—27——3
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The overland freighting rates are governed by many conditions,
and general averages can not be taken. In the interior placer dis-
tricts summer freighting over wagon roads by team ranges from $2.50
to $4 per ton-mile; where travel is partly without roads, $5 to $10;
and by pack horses, $6 to $27. Winter hauling by team and sled is
$1.25 to $3 and by dog team $4.

The use of trucks and tractors is rapidly increasing where suitable
roads are available, and where it has been adopted it has greatly re-
duced the cost of overland haulage. Summer hauling by tractor in
the Innoko district costs $1 per ton-mile; in the Hot Springs district,
$2.50; and in the Fairbanks district, $1.25. These costs are unusually
high when compared with the winter hauling of large tonnages by
tractor and sleds over well-broken sled roads, as done by some of the
larger lode-mining companies. For example, the Treadwell Co., in
the Mayo district, Yukon Territory, is reported as now hauling its ore
from the mine to Mayo Landing, a distance of about 40 miles, for
$7.50 per ton. Six to eight sleds are used, and as much as 60 tons
are hauled by one tractor per trip. Before this system was estab-
lished the winter freighting cost was $35 and more per ton.

LABOR

Placer miners in Alaska are paid a high wage, but usually are
employed only three to five months of the year. Including board,
which costs $1 to $4 a day, the cost of general labor ranges from $6.50
a day at some of the larger and more accessible camps to as much as
$12 at some of the most remote. At a few mines the men board
themselves. The old winter scale of reduced wages is no longer in
effect.

Wages for skilled mechanics vary so that no average scale can be
stated, but, in general, they are higher than for miners. Hoist men
or engineers at the drift mines are usually paid the same as general
labor. Point men and nozzle men generally receive 50 cents to $1
more per shift, and cooks the same as general labor. Hospital dues,
generally $2 per month, are collected from the men by some of the
operators in districts where such service is available.

The following table gives the wages and cost of boarding the men
in Alaska camps. It does not include dredge labor, which is men-
tioned under “ Dredging.”

Underground labor works an eight-hour day and usually two
shifts at the larger mines. Ten-hour shifts are general at the open-
cut mines, and 10 or 11, and in few instances 12-hour shifts, are
worked at mines run by hydraulic systems. When the shifts are
longer than those given in the tables, wages are increased propor-
tionately. The size of the operation, the labor, the water supply
available, and other conditions regulate the number of shifts which
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can be worked. At many placers two 10 or 11 hour shifts are the
rule, and arrangements are often made to keep some part of the
work going between shifts. By using the “swing” shift the opera-
tion can be made continuous without the necessity of overtime.

In the larger and more accessible camps there is usually enough
labor available, but in isolated camps there is generally difficulty
in obtaining labor after the season has started. Some operators give
the men a bonus if they remain for the entire season.

In the smaller or more remote districts most of the labor is per-
formed by prospectors and others who live there. The more expe-
rienced and efficient of these men usually have their own mines. It
is a common practice to form a partnership of two to six to operate
a mine, especially if it is a drift mine, and personal interest and
efficiency are promoted thereby. Most itinerant labor has not had
much experience in placer mining.

Scale of wages and cost of board in Alaska placer camps

Wages per shift e
No. " Cost of
N General labor Skilled labor :
. in boarding
District kig.l - Tome per lgan
ur vpe
© Wages Length of . Type of labor Wages per day
of shift [
mine |
] B T
| Hours Foreman._............- $6. 50-$8. 00
Nome. ... 1 |$5.00-$5. 50 10| O [{Pipeman 1700 888 $1. 90-$2. 25
Solomon......--..... e{ 3Wl w0 [ L2003
Council.__._ 4 6.00 | 100 O e 2. 15~ 2.50
Kougarok _ 8 6. 00 10 .
Fairhaven. 716.00-7.00 10
Marshall. . 16 6.00 8
Ruby_..._ 28 6. 00 8
Koyukuk 13 6. 00 } 8
Chandalar 15 b 10. 00 b o .
: 6. 00— 7.00 ‘ngineers.._..___....- 8.
Iditarod .. .......... 21 { b 10. 00 } 10, O {Blacksmith. 9. 00 } 3.00- 3.50
Moore Creek . .._.....l__. 8. 00 10} O oo 3.50
Innoko..__ - 22 1 6.00- 7.00 10 o} Engineers.. 8.00 3.50
Rampart. . _......... N &3 T R R WU 2.50- 3.00
Cirele. .. _..._._._... 37 ’ Point men.__.__...... 6. 00
Fagle___. ) }5'0‘)‘ 8.0 1010 {Blacksmith 7.00 }» 2,25~ 3.50
Fortymile_.____._.___ 41 . Engineers.. 6.00- 8.00
. ] 5.00 gl D Point men. 6.00- 7.00
Fairbanks______._____ 33 Blacksmith__ 7.00 |r 1.75~ 2.25
6.00 101 O |Engineers. 8.00-10, 00
Tolovana..__.___.___. 32 { g% 13 8 }Point mMen- . o - 6,00, 2 25-3.00
Hot Springs. ... 30 om0l B 6 500 I} 2.00- 3.00
Kantishna______.____ 27 5.00 8 O 6.00 i 2.75- 3.00
Yentna.... 26 6.25 | 10 (] 6.00 | 2.00- 2.50
Shushana_._._........ TR N o S S T N OO E—— 4.00
8.00
Nizina._._.......__.__ 47 €5.00 10 0 g;g 1.75
Pipeman and powder g
man. 5.50
Cook Imlet..._.._________.. 6.00 100 O e eeceaaas 1. 50~ 2.00

‘; antr)d furnished in addition to wages paid, except where especially mentioned.
No board.

< Plus bonus of 50 cents per shift given to all employees working entire season.
O, open cut.

D, drift mine.

NotE.—See also dredge wages.
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SUPPLIES

The larger placer concerns purchase virtually all supplies in
the United States. Shipments are made in the fall, so as to be
freighted to the property during the winter or early in the spring, or,
where transportation permits, are made as required. Provisions,
hardware, dynamite, and general supplies can be purchased from
local merchants in all of the districts. Quantities of used machin-
ery and equipment are available in most of the camps, and, as they
can be purchased for a very small part of their original cost, have
been the main source of such supply for many years. New ma-
chinery and equipment can seldom be obtained locally unless by
special order through the merchants. In most coast towns and points
on the railroads supplies can be purchased at reasonable prices. In
the smaller and more remote districts the prices often are almost pro-
hibitive.

Economic conditions in the United States are naturally reflected
in Alaska, and the great increase in the cost of supplies since the
World War had a marked effect on operations and development.
Prices are now on the decline. Fluctuating prices and varying
freight rates to different points make it impractical to give the cost
of supplies in Alaska except for those specific commodities cited on
the following pages. By eonsulting outside prices and the freight
rates given in this report a close estimate can be made of the cost
of supplies landed at the property.

LUMBER AND WO00OD FUEL

The best and most extensive forests are in southeastern Alaska,
where there are few gold placers. Southwestern Alaska has, in gen-
eral, a good supply of spruce and hemlock, trees with diameters up
to 18 and 24 inches at the butt being quite common. 1In the Tanana
Valley and its tributaries around Fairbanks there are growths of
spruce, with some birch and cottonwood. Most of the interior dis-
tricts drained by the tributaries of Yukon and Kuskokwim Rivers
have fair supplies of timber.

Earlier mining operations, especially in those districts where
extensive drift mining has been done or where large quantities of
wood have been used for steam thawing and power, have almost
stripped near-by forests, so that now it often becomes necessary to
bring wood from distant points, thereby greatly increasing its cost.

With the exception of small spruce timber east of the Council
distriet (fig. 1, 4) and around Dime Creek in the Koyuk district
(fig. 1,5), Seward Peninsula has to depend on outside sources. Saw-
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mills are at work in most coast towns and larger interior centers.
Many of the larger hydraulic companies have their own sawmills.
Most lumber and mine timber is native spruce. Birch is better than
spruce for fuel, although both are used. Native spruce lumber is
used for sluice boxes, although clear wide boards are generally dif-
ficult to obtain; much of it is 10 inches or less wide, is full of knots,
and warps badly. However, it does not split as easily as outside
lumber. In some of the remote districts lumber is whipsawed by
hand at a cost of $100 to $150 per thousand board feet, which is
often much cheaper than the cost of freight from a distant source.

Logs, mining timber, and wood are generally procured under con-
tract, although many mine operators cut their own supply and haul
it during the winter. The cost of  cutting small spruce wood is gen-
erally $5 to $7 per cord for 4-foot wood and $3 to $5 for 16-foot
wood. The latter is later cut by power saws at the camp as needed.
Haulage is often the largest item of cost. On Goldstream Creek near
Fairbanks, where there is a good supply of fairly large timber, the
contractors agree to deliver 4-foot spruce and birch wood alongside
the railroad track for $7.50 per cord. Forest fires are frequent dur-
ing dry seasons in the interior, destroying much timber and seriously
menacing the community.

Average dry native lumber weighs about 3,000 pounds per thou-
sand board feet. T.umber planed on one side and two edges costs
$25 to $50 more per thousand than rough lumber. Some operators
buy rough lumber and dress it by hand. Lumber that has to be
hauled long distances will cost as much as $200 to $250 per thousand
board feet landed at the property. On Dan Creek spruce lumber
was at one time produced in the company’s mill for $25 per thou-
sand, and a few years later, when it was difficult to obtain suitable
logs near by, the cost of the lumber was $45.

The following are average prices in the TFairbanks district
(fig. 1, 33) for spruce timber delivered to properties within a mile
of the railroad: 40-foot poles, 214 to 5 inches diameter, $9 per cord;
16-foot poles for drift-mining timber, 4 to 6 inches diameter, $12 per
cord ; 12-foot timber, 12 inches diameter, $1 each; 60-foot gin poles,
$60 each.

The accompanying tables have been compiled to show the cost of
wood and lumber in some districts. As supply, hauling rates, and
numerous other conditions affect these costs, there are bound to be
many exceptions. The examples given are selected, as they show
the general maximum and minimum costs. The cost of lumber is
for native rough-sawed, except where otherwise noted.
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Cost of wood

: . [
District No.in | Price per

P No. in | Price per
Figure 1 cord District

Figure 1 cord

|
Koyuk._ ... ... 5| 2$15-$16 ‘ Cirele_ ... ... 37 $5-314
Marshall R 16 514- 15 || Fairbanks_.___ - 33 10- 14
Ruby_________ - 28 8- 12 || Tolovana.____. . 32 10- 12
Iditarod... 21 18- 26 || Hot Springs 14 c16~ 18
Innoko.._....._.._ .. : 22 9- 20
s Dime Creck. b Willow Creek. < Nolan.
Cost of Tunmber
[
. Nearest : Nearest .
Al Price | P Price
Sawmill or supply point d1sit;1ct per 1,000 Sawmill or supply point dlsitr?c’; per 1,000
Figure 1 b. m. feet ||, Figure 1 b. m. feet
1
Nome. ... .. | 1 a$100 || Hot Springs. ... 30 $40
Ruby..__.... o 28 40 || Kantishna (Glacier Creek). .. 27 80
Iditarod___.. 21 75 || Seward . 51 40
Flat________.__._. 21 100 || Cordova......._. 52 36
MeGrath (Medirs 20 85 || Talkeetna__._____.________.__ 26 45
Tacotna_ .. 22 100 || Fortymile (McKinley Creck). 41 100
Fairbanks. 33 45 || Circle (Miller House)... . .___ 37 80
Livengood.__. 32 100 | Cirele (Miller House), dressed . 37 125
a OQutside supply.
COAL

The use of coal for steam raising at placer mines is practically
confined to a few steam-scraper mines and small drift-mining opera-
tions in the Fairbanks district (fig. 1, 33) along the Government
railroad. Lignite can be delivered at those properties for $6 to $8
per ton and Matanuska bituminous coal for $10 to $12 per ton.
Use of these fuels in placer mining is practical only for a mine within
close hauling distance of the railroad, coal mine, or shipping point
where they can be cheaply purchased. In the Fairbanks district,
where these conditions prevail, their use will no doubt be extended.

Extensive coal fields are widely distributed in Alaska.** Good
bituminous coals are mined in the Matanuska field, about 50 miles
northeast of Anchorage, and in the Bering River field, about 20
miles inland from Katalla. Lignite is mined at several places in
the Nenana or principal interior coal field. A good bituminous coal
is found near Cape Lisbourne, about 200 miles north of Nome, and
at different times small shipments have been made to Nome, but the
field has not been exploited further. In the Yentna district (fig. 1,
26) the Cache Creek Dredging Co. used for its dredge a lignite
mined close by, but it was unsatisfactory. Lignite is also found at
numerous other places along the Pacific coast, in the Yukon River
Basin, and on Seward Peninsula, where small quantities have been
mined at different times.

It Brooks, A. TI., “Alaska coal and its utilization " : Mineral Resources of Alaska,
1909 : U. 8. Geol. Survey Bull. 442, 1910, pp. 47-100.
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Although coal from many different sources has been shipped to
Nome, virtually all of the supply now comes from British Columbia.
This coal is shipped in sacks and sells for $36 per ton during the
summer season and $39 in the winter. Healy River lignite sells
for $3 per long ton in carload lots at the mine, $4.50 per short
ton in the ears at Fairbanks, and $6.50 at Anchorage. Bituminous
coal from the Matanuska field sells for $6.50 to $7 per ton at the
mine and $8 on the cars at Anchorage. One ton of lignite is equiva-
lent in heat units to about 1 cord of spruce wood.

OIL FUELS

Gasoline, distillate, crude oil, and Diesel oil now supply the power
for most of the dredges. The Nome and other Seward Peninsula
districts rely entirely on such fuel for power. In 1922 gasoline sold
at Nome for $5.65 per case and distillate for $4.85. Most operators
who use oil get their supply from Seattle. Shipments are made in
drums, and after freight, lighterage, depreciation, and return freight
on the drums were paid the 1922 shipments of Diesel oil, 24° gravity,
cost 25 cents per gallon and distillate 39 cents, landed in the ware-
house at Nome. A large dredging company at Nome is now having
oil shipped in tank boats. One large oil company has established
a station at Seward, where Diesel oil of 24° gravity was quoted
during September, 1923, at 3 cents per gallon higher than the Seattle
price. At Fairbanks, this oil, landed in drums, cost 22 cents per
gallon. Details on drum containers and freight rates are given
under “ Transportation and freight rates.”

A high-gravity paraffin-base oil is being produced and refined in
small quantities at Katalla; practically all of it is used locally.
Drilling is under way at Cold Bay, where the geological conditions
are considered favorable for oil. Oil seepages and favorable geo-
logical formations are reported at many places in Alaska.!s

PROSPECTING

The necessity for thoroughly prospecting a placer property be-
fore much money is invested in mining equipment can not be too
strongly emphasized. Most failures in placer mining have been due
either to lack of careful prospecting or to incorrect interpretation of
prospecting results. A mining property attractive enough to equip
with a plant should certainly be worth prospecting. If preliminary
investigation shows that further work is justified, an attempt should
be made to develop a large enough area of profitable ground to
justify equipping the property. In the days of high-grade deposits,

15 Martin, G. C., Preliminary Report on Petroleum in Alaska: U. 8, Geol. Survey Bull.
719, 1921, 83 pp.
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when the margin of profit was usually large, thorough prospecting
was not considered important in many places. The remaining de-
posits have mostly been selectively mined, leaving isolated areas of
unworked ground which make careful prospecting even more neces-
sary than in unworked areas. Some deposits can be easily and
cheaply prospected by the average miner, but for most of the re-
maining known placer ground skill and experience are necessary,
especially when the gold content and the volume of large areas of
low-grade material should be accurately determined. With proper
prospecting and correct interpretation of the results, the true char-
acter of the deposit is determined and a close estimate can be made
of the total amount of gold present in the deposit.

The accuracy of the results from prospecting is governed mainly
by the character of the deposit, the distribution of the gold, the
equipment available, the amount of prospecting done. and the ex-
perience, honesty, and judgment of the man in charge. The more
important factors to Le determined are the extent, depth, volume,
and gold content of the deposit; depth and character of the over-
burden and gravel; distribution and character of the gold content,
bowlders, clay, and frost: and the character and contour of bed-
rock. Placer deposits are prospected with shafts, adits, open cuts,
and drill holes. Where the condition of the ground permits, shafts
or open cuts are generally the most practicable means for the average
Alaska miner. Drilling is very satisfactory for most deposits, espe-
clally for the deep deposits or for ground where excess water pro-
hibits the use of shafts and open cuts.

Alaska prospecting methods in unfrozen ground differ but little
from those used in other countries. In frozen ground, however,
different conditions are encountered, and prospecting methods
specially adapted to such ground are used.

REVIEW OF PROSPECTING METHODS

The choice of a method for prospecting placer ground is discussed
by Hutchins,'® as follows:

Without regard to the geology, all Alaxkan placers may be classified as
shallow or deep. For convenience of consideration in this paper all placers
less than 25 feet deep are arbitrarily called shallow. Such placers, at or
near sea level, if so wet as to require pumping, can be investigated with
shafts while the pump is set on the surface of the ground. The practical
limit of suction at sea level is about 25 feet. Placers deeper than 25 feet or of
less depth and at higher altitude. if wet, must be drained by sinking pumps
to the necessary depth. This necessitates a larger shaft to accommodate the
pump, pipes, ete., and obviously will increase the cost per foot.

The choice of prospecting method is governed by a number of considerations,
<ome of which are influenced by conditions foreign to the actual prospecting.

18 Hutchins, J. P., “ Prospecting and mining gold placers in Alaska”; Miperal Re-
sources of Alaska: U, 8, Geol, Survey Bull, 345, 1908, pp. 54-77,
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For instance, a deposit well adapted to investigation by the steam drill may be
so inaccessible as to make it good practice to use hand drills or shafts instead.
The rapidity, cost, and accuracy are the governing factors in making a choice
of method. Many deposits have features that make one method particularly
applicable. In some places conditions are such that either the shaft or the
drill method may be employed with equally good results; both may be used
advantageously. The frozen condition of many of the Alaskan placers makes
it possible to use the shaft method in alluvium which, if unfrozen, could be
tested by shafts only at a large cost for pumping and timbering.

Where shallow narrow creek beds are to be prospected, it is often good
practice to make open cuts clear across the bed, or far enough to delimit the
pay streak. Such creeks generally have extremely irregular pay streaks, and
cuts of this character would determine the distribution of gold content with
thoroughness. Work like this may be costly, but the compensating advantages
often justify it.

In a shallower placer less than 10 feet deep and containing no water, or so
little water that it can be easily bailed, prospecting can generally be more
cheaply and rapidly done with shafts or open cuts than with drill holes sunk
with a steam churn drill. Material can be thrown out of a shaft 10 feet deep,
and no timbering is ordinarily required if the shaft is kept free of water during
the sinking. Only one man per shaft is required if there is only a small
amount of bailing and if the gravel is unfrozen and easily broken down.
* * *  Tnder such conditions the steam churn drill is at a disadvantage,
for much time may be consumed in frequent moving from hole to hole. This
is particularly true if the surface is so rough or marshy as to make moving
difficult. The hand drill, being more mobile, can be used advantageously
in such shallow gravels, where it can generally drill 25 to 40 feet or more
per day. * * *,

If the alluvium to be tested has a depth of about 25 feet and is so wet as
to require a steam pump, drill methods are more applicable than shafts.
Such unfrozen gravel is generally loose or becomes loose on exposure to the
air or by reason of water running into the shaft. Shaft sinking will be
slow and costly. as close timbering and breast boarding or sheet piling may be
necessary. Samples taken under such conditions are likely to be inaccurate,
for running ground may enter the shaft. The fact that the material from the
shaft is shoveled under water, possibly from a rough bedrock or from a soft
bedrock, which may become sticky by reason of the man puddling it as he
works, also introduces inaccuracies. * * *  TUnder such conditions the churn
drill method is preferable. The circumstances that cause a low and costly
progress and inaccurate sampling with shafts have no bad effect on steam or
hand churn drills. In general, where the gravel is dry, as accurate or more
accurate sampling can be done with shafts as with drill holes, but the presence
of water in such volume as to require pumping makes drilling preferable.

It is good practice to use both drill holes and shafts, the idea being to use
enough shafts to allow inspection of the physical character of the gravel,
bedrock. ete.,, and to depend on the drill holes for the determination of the
tenor, extent, and thickness of the gravel. * * * The peculiar conditions
of the alluvium under consideration must therefore be the determining factor.

The irregularity of gold distribution in the alluvium of Alaska makes care-
ful prospecting necessary in order to determine the limits of the pay streaks.
Many samples may thus be needed. As a general rule, drill holes are better
suited to this work, for they can ordinarily be sunk more rapidly and more
cheaply.
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Where bench gravel is to Dbe tested, cuts can be easily made. Vertical
sampling ix thus done, and this method has been used with good results. It
is assumed that gravel in the same stratum or at the same perpendicular
height above bedrock has the same general tenor and characteristics.

Prospecting has so far in this paper been treated as the obtaining of samples
merely. Sometimes it may be conducted as a working test. This is particu-
larly applicable where there is an available water supply. Thus cuts may
be ground-sluiced through bench gravel and considerable amounts of mate-
rial washed. Such cuts also permit subsequent sampling of the gravel section
to good advantage. Inasmuch as thisx is a working test, data relative to
operating cost may thus also be obtained.

A governing factor in the choice of the prospecting method is the kind of
information that is required. Thus, in testing alluvium thought suitable for
hydraulicking or dredging. information concerning the section from grass
roots to bedrock is desired, and generally this can best be obtained by sinking
shafts or drill holes. In testing alluvium for drift mining little information
is required in regard to any of the gravel section, except that adjacent to
bedrock. Openings that follow this lower stratum will, of course, give a
maximum of information with a minimum of excavation.

Prospecting can be done at all times of the vear; in fact, winter
is often the more favorable season. Shaft sinking can often be
done best during the winter, especially in wet deposits which may
drain or be frozen during the cold months. Likewise, marshy areas
or creek bottoms can be tested more easily in winter, because heavy
drills can then be readily moved without miring, and it is easier to
drill a stream bed from the ice. Unless the weather is unusually
cold, as it may be during several of the midwinter months, drilling
during the winter can be conducted readily if steam is available and
a heated shelter is provided.

SHAFTS AND DRIFTS

The usual small prospecting outfit for sinking shafts in frozen
ground consists of a 4 or 6 horsepower boiler mounted on a sled or
skids, a steam point or pipe, steam hose, and a hand windlass. Such
an outfit costs $300 to $500 when new, but secondhand outfits can
be purchased for $100 to $200. Two men are employed, one on the
surface and one in the shaft, which is generally made 36 to 42 inches
in diameter, or just large enough for a man to work in.

Methods of thawing and sinking such shafts depend on the
character of the deposit. Frozen muck (organic matter, sand, and
silt cemented by ice) can be readily picked, but it is customary to
thaw all material. Some miners thaw only a few feet at a time, as
the shaft is deepened. Frequently a 34 or 1% inch pipe is slowly
driven and thawed to bedrock or is inserted in a drill hole, steaming
the ground at the rate of 30 to 45 minutes per foot of depth. Prac-
tice also varies according to the character of the ground encountered.
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The practical limit of depth at which one man can handle a wind-
lass is about 75 to 80 feet; for greater depths a steam hoist is
required.

In drift-mining camps where standard steam equipment is avail-
able the shafts are often made large enough for later use as working
shafts if pay dirt is found. As a rule, the spacing of prospect
shafts is irregular, rarely being as close as that of drill holes. In
deep frozen ground the prospect shaft is usually sunk where “pay”
is expected, and when bedrock is reached prospecting may be con-
tinued by drifts and crosscuts. Shafts in shallow wet ground can
often be dug during the winter by “freezing down.” The shafts
are then dug to water and allowed to freeze. The frozen material
at the bottom of the shaft is then carefully removed, and the process
is repeated until bedrock is reached. This method is slow, but one
man can handle a number of shafts, and it is generally cheaper and
more accurate than sinking through live water. A successful
method used in sinking shafts in some wet loose gravel of shallow
depth was to sink and “crib” timber to the water level. TFrom
this point a 5 to 10 foot length of large-diameter steel pipe (42
to 50 inches) was readily sunk to bedrock.

COST OF SINKING SHAFTS AND DRILL HOLES

The cost of prospect shafts is $2 to $8 per foot for average con-
ditions, but ranges from 50 cents to $1 for pits 4 to 8 feet deep to
more than $15 per foot for some of the larger, deeper shafts in
adverse or difficult ground. Some examples are presented below.
Details on such shafts and drifts are presented under “Drift
mining.”

Cost of prospect shafts, pits, and drifts

Drifts
District Size Depth Ground Timbered Cost
Size Cost
Nome district: Feet Feet Per foot Feet | Per foot
Submarine beachj 314 by 315| 30-50 | Frozen._ ... .__. NO_ oo $3.50 | 6 by 6 $4. 00
Third beach_____{ __________ 40-50 .. do_..... | No.........._._. 2.00 ... 2.50
Do.oooo... 4by 5. 90 | Partly frozen._| Imported sawed 800 |ocommo o
lumber.
Ophir Creek.____. 3by6.._.| 514 | Not frozen.._ .| 175
Kougarok River__.|._..______. 5~ 6| Frozen_____._. N .65
Iditarod district:
Otter Creek_____ (o) 14-17 | Frozen gravel_ 4.00
‘Willow Creek.__ (a) 16-18 | Frozen muck 3.00
and gravel.
Ruby distriet.____ 4by6..__ 80 [-oo-- do.._._ ... NOeeimeaaen [ R P
Fairbanks district:
Goldstream |&sby7....| 20-22 Upper 5 feet___. 2.50 | |emeeenn
Creek.
Do 4by 6. 100 Upper 20 feet___ . 8.00 |
Interior districts__| Large_.__| Deep_ . _i Cribbed in places| 6.00-15. 00 (e) | 4. 00-8. 00

s Forty-two inches in diameter. b No thawing required. ¢ Not timbered.
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In prospecting by shaft, all the gold-bearing gravels should be
sampled in sections, so that the horizontal distribution of the gold
can be definitely ascertained. Not only should the walls of the shaft
be carefully sampled, but where water is available it is good prac-
tice to sluice all the material excavated. The large samples so
obtained are one of the chief advantages over prospecting with drill
holes. The material from an average shaft has about 50 times the
volume of that from a drill hole of similar depth made with the
standard 6-inch drill, yet there are numerous instances of prospect
shafts or open cuts being sunk and only a few pans of material
taken for a sample.

PROSPECT DRIFTS

Prospecting and sampling for drift mining involve special con-
sideration, as only the richer ground is mined. The drift face is
usually 5 to 6 feet high and includes 4 to 5 feet of gravel and 1 to 2
feet of bedrock. In prospecting channel deposits that are deeply
covered, a drift is driven along the old stream bed and crosscuts are
turned off from this. As work proceeds vertical samples are taken
at intervals along the face. Both bedrock and roof are tested, so
that no pay will be overlooked. The samples are panned, and some-
times the gold is weighed; more often an experienced miner esti-
mates it. A check 1s sometimes made by panning a single wheel-
barrow load from the face, or every tenth wheelbarrow load is
panned or rocked, or the accumulated amount is sluiced as one
sample.

Drift miners have different ways of calculating the results of
sampling, although their methods are generally based on the value
of the gold in cents per square foot of bedrock. In the Seward
Peninsula the cubic yard is often used. Other units employed are
the values of the gold per pan, wheelbarrow, car, or bucket. If the
thickness of the pay mined and the value of the gold per pan are
known, the calculation is made as follows: Cents of gold per pan
times the number of pans to the cubic foot times the thickness mined
in feet equals the value of gold in cents per square foot of bedrock
area.

Seven pans of gravel are usually taken as equal to 1 cubic foot of
material in place, although some persons figure 5 or 6 pans to the
foot. TUsually one heaping load on a No. 2 round-nosed shovel is
considered a panful, and seven shovelfuls closely equal the cubic foot.
The average wheelbarrow load contains 12 to 14 pans or approxi-
mately 2 cubic feet, or there are 11 to 14 wheelbarrow loads per cubic
vard. In the Fairbanks and other interior districts 7 pans to the
cubic foot or 189 pans to the cubic yard is the scale generally used;
in the Seward Peninsula the average is about 170 pans and in other
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places as low as 1385 pans. Such variable and approximate units are
conducive to misleading results, but an experienced miner can
usually estimate with fair accuracy. Many failures result from over-
estimates, which are often due to improper sampling. Often the
surface of the bedrock is very irregular and the distribution of the
gold is spotty. In many placers the gold is chiefly found on the
rougher or higher parts of the bedrock, and unless such conditions
are understood and the deposit is carefully prospected disappoint-
ment is bound to result.

PROSPECT DRILLING

Drilling in unfrozen ground and the calculation of the results
follow general practice, as described in the literature of drill man-
ufacturers. The prospecting of dredging ground has been covered
by Janin " in a thorough and satisfactory manner.

Partly frozen ground is the most difficult and hazardous to drill,
for the holes must always be cased, and much of the drilling must
be done ahead of the drive shoe, a procedure leading to inaccuracies.

In frozen ground special methods are required. If the ground is
frozen solidly, it generally is unnecessary to case the entire hole. A
short length of pipe at the top seals off any surface water. A little
water is poured in, and 5 feet or more is drilled each time before
pumping. When pay is rea(,hed, the drilling interval should be re-
duced to 1 foot or so, and water should be used sparingly or an
irregular hole will result. When casing is used and it freezes to the
hole, warm water or steam is turned in to loosen it.

In addition to making the customary measurements of the core,
the careful driller pumps all water from the completed hole and
runs in measured volumes of cold water, usually 5 gallons at a time;
after finding the depth to the surface of the water he adds another
measured amount and determines the new water level. When the
-amount of water added each time and its displacement are known,
the volume of each section can be accurately checked. Unless some
similar check is made, drilling without casing is hazardous practice,
for material may slough off the sides of the hole and thus cause errors
n estimates of gold content.

SPACING AND MEASUREMENT OF HOLES

Close spacing of drill holes is imperative in most Alaska creek
placers, especially in rich deposits, because of possible narrow pay
channels or the erratic distribution of the gold. A spacing of more
than 100 feet across the channel can seldom be relied on. On the

1 Janin, Charles, Gold Dredging in the United States: Bull, 127, Bureau of Mines, 1918,
pp. 26-53.
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tundra and at other places near Nome, holes are often spaced about
200 feet apart in rows 400 feet apart. In average shallow creck
dredging ground the holes may be 25 to 50 feet apart, in rows 500
to 2,000 feet apart. The procedure depends on the results, and in-
termediate holes and rows may be drilled. In unusually spotty,
shallow ground containing coarse gold, as on Ganes Creek (fig. 1,
22), a spacing as close as 12 feet, with rows 20 feet apart, has
been used without a constant average being obtained.

TYPES OF DRILLS USED

Hand-operated drills are now seldom used in Alaska; they have
been replaced by steam and gasoline driven drills of 4, 5, and 6 inches
diameter, the size and type of drill depending on the locality and
the character and depth of the ground. The heavy 6-inch steam
traction drill has been largely used in the deeper ground and where
difficult conditions are encountered. These heavy drills, fully
equipped, weigh 8 to 10 tons and cost $4,000 to $5,000. Light 4-inch
gasoline drills, of several different makes, weigh 1,000 to 3,500 pounds
with full equipment and cost $900 to $1,300.

STEAM DRILLS

iHeavy steam drills make holes more rapidly than the lighter types
but are difficult to move over rough or swampy ground; under such
conditions the smaller and lighter gasoline drills often make more
footage in a given time. A drill, known as the Brower drill, specially
built to meet such conditions has been in service near Nome for 18
vears (fig. 2). It is a reconstructed No. 5 Keystone drill equipped
with an 8-horsepower gasoline engine and has a special double-chain
drive to the front wheels. It can travel 4 miles per hour and climb
a 45 per cent grade. The wheels are made of 6 by 8 inch timber
and are shod with heavy chains, the rear wheels being 4 feet high and
214 feet wide and the front wheels 514 feet high by 5 feet wide.
Special appliances are provided for operating the jars and pulling
casing. Under average conditions the drill can leave a set-up, move
200 feet, and be drilling again in 30 minutes. In setting up the
wheels are blocked and the drill carriage leveled and swung into
place with jackscrews. Double, extra-heavy 6-inch casing, generally
with flush joints and inside couplings, is used with a 784-inch shoe
when ground is not frozen. The drill crew consists of one drill
man at $8 and a helper at $5 per eight-hour shift. One or two
panners are used who are paid $7 per shift.

Costs with Brower drill—The Brower drill has been used for
contract drilling. The average contract price in frozen ground
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without casing, with everything except the panners provided, was
75 cents to $1 per foot; and in thawed ground, up to 50 feet, $1.25
to $1.50 per foot; 50 to 75 feet, $2.50; 75 to 100 feet, $3 ; more than 100
feet, $4. The drill averages about 80 feet per 10 hours in deep

frozen ground, or two 55-foot holes in 12 hours; and in thawed
ground, 35 to 40 feet per 10 hours.

CHURN DRILL

With the 6-inch churn drill a 5%-inch chisel bit is generally
used for drilling frozen ground; it should cut a smooth straight hole
zbout T inches in diameter. Rapid progress can be made where the
deposits have a deep covering of muck or barren material.

Frovue 2—1"ospecting by drilling ; old Drower deill near Nome

The average cost for drilling Alaska placer deposits with a
6-inch churn drill is $2.50 to $5 per foot. In recent prospecting of
dredging ground in the Fairbanks district the average cost of
prospect shafts was $5.50 per foot, and of drilling both cased and
open holes $3.25 per foot, including the panning. Shafts and drill
holes were spaced 25 feet apart on the rows and the rows spaced
2,000 feet apart. The ground was 18 to 40 feet deep, and most of
it was frozen.

CONTRACT DRILLING

In some districts drilling can be done by contract, although there
are few contractors now in the business. In the Fairbanks district
contract drilling in frozen ground 150 to 200 feet deep, mostly
muck, has been done for $1 per foot, excluding fuel. TIn the same
distriet a drill and erew can at times be hired at $50 per nine-hour
day, and again a drill alone has been rented for $10 per day. In
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the Ruby district some contract work was done for $1.50 per foot
in frozen muck and $2.50 in frozen gravel of any depth.

GASOLINE DRILLS

A very light 4-horsepower gasoline drill using 4-inch casing is
popular in the Seward Peninsula for preliminary tests of unfrozen
light shallow gravels, up to 15 feet deep, underlaid by soft bedrock.
Such a drill has also proved successful in testing ahead of dredges.
Although it can be used as a churn drill, more often the pipe is
driven to bedrock without pumping. The pipe is then pulled and
the core removed. Such a procedure usually returns a low per-
centage of core, so that the results of such drilling should not be
relied on too strongly. The entire outfit weighs but 1,000 pounds;

Ficoee 3.—Drilling shallow ground with 4-inch drill driven by gasoline engine

as it is mounted on two wheels, which are detached when the drill
is in use, it can be easily moved (fig. 3). Three men, including the
panner, constitute the crew. From 60 to 75 feet of drill hole can
be made per 10-hour shift.

WATER SUPPLY

In placer mining the water supply is of utmost importance, as
it must be ample for the required output and be available at the
property under conditions best suited to the system of mining used.
Water supply is governed by different factors; aside from economic
factors, the most important are precipitation, temperature, topog-
raphy, vegetation, and evaporation. Althongh all forms of placer
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mining require water, to obtain water for small mines that do not
use water under pressure is generally not especially difficult. The
problem of a water supply for use under pressure is therefore dis-
cussed in more detail here.

On the south and west slopes of the Alaska Range conditions are
most favorable for comparatively large, steady supplies of water.
Most of the drainage basins are above the general level of the mines,
so that water for mining may be made available by comparatively
short ditches or pipe lines. Annual precipitation is heavy, and
seasonal temperature variations are seldom extreme. In the Nizina,
Chistochina, Girdwood (fig. 1, 47, 44, and 49, respectively), and
other districts many streams are fed by glaciers or snowcaps and
maintain a constant or increased flow during the dry summer months,
when most Alaska water supplies are low.

The Yukon-Tanana or interior regions are dissected uplands, and
" the predominating features are series of long branching ridges of
uniform elevation. Natural storage basins are generally lacking,
the drainage basins or catchment areas above the diversion point of
the stream are small, and the streams have uniformly low gradients.
As a rule, the precipitation is considerably less than in other parts
of Alaska and the summer temperatures are higher. Rapid melt-
ing of the snow, frozen ground, and sparse timber cause a rapid
run-off and a widely fluctuating stream flow that depends almost
directly on the precipitation. Conditions in the interior districts,
therefore, are not generally favorable for obtaining satisfactory
water supplies.

Most of the Seward Peninsula is rugged and much dissected by
streams. The precipitation is greater and the temperature lower
than in the interior of Alaska. The mountains in the central part
of the peninsula receive the heaviest precipitation, and many peaks
are covered with perennial snow. Catchment areas are generally
large and are situated at elevations well above the point of diver-
sion; there are some good natural storage basins. Most of the im-
portant placers, however, are far from the diversion point; hence
long expensive ditches and pipe lines are necessary.*®

METHODS OF MEASURING FLOW OF WATER
MINER’S INCH

The unit of water measurement ordinarily used for all classes
of work is the “second-foot,” and from it the quantity expressed
in other terms may be obtained. It is the unit for the rate of flow

™ Ifor further information on water resources consult the topographic maps and water-
supply papers of the U. 8. Geological Survey and the climatological data issued by the
U. 8. Weather Bureau at Juneau.

92405°—27——4
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of water moving in a stream 1 foot wide and 1 foot deep at the
rate of 1 foot a second. This unit, however, is seldom used by Alaska
placer miners, who are more familiar with the “ miner’s inch ” and
the “ sluice head.”

The “ miner’s inch ” expresses the rate of flow and is applied to
the volume of water flowing through an orifice of a given size with
a given head. The head of the water and the size of the orifice
differ in different States, where they are defined by the law. The
California miner’s inch is now the one in most common use and
was defined by an act approved March 23, 1901, as follows: * The
standard miner’s inch of water shall be equivalent or equal to 1.5
cubic feet of water per minute, measured through any aperture or
orifice.” This miner’s inch corresponds to the so-called “ 6-inch
head ” and is equivalent to one-fortieth of a second-foot.

Experiments made in California by A. J. Bowie, jr.,'® to deter-
mine the volume of the miner’s inch—defined as 5} part of the -
quantity of water which would flow through an opening 12 inches
Ligh by 1234 inches wide in a 1l4-inch plank, under a constant
head of 6 inches above the top of the discharge—showed that 1
miner's inch equaled a discharge of 1.4994 cubic feet per minute.
For all practical purposes this may be taken as equivalent to 1.5
cubic feet, or 1114 gallons of water per minute; in other words,
1 cubic foot per second equals 40 miner’s inches. A miner’s inch
is so interpreted and used in this report.

SLUICE HEAD

The “sluice head ” is a term used by many placer miners to ex-
press volume of water that is necessary for separating the gold
from the gravel in a sluice box. It is an indefinite and unsatis-
factory term, as the rate of flow necessary varies mainly with the
size of the sluice boxes, the grade at which they are placed, and the
character of the gravel. In Alaska a sluice head is usually con-
sidered equivalent to the amount of water necessary to carry prop-
erly all the gravel that six to eight men can shovel into a 12-inch
sluice box set with a grade of 6 inches in 12 feet. According to
differences in conditions, a sluice head ranges from 0.75 to 2.5 second-
feet, or 30 to 100 miner’s inches. The sluice head as used in New
Zealand is equivalent to 1 cubic foot per second, or 40 California
miner’s inches.

DETERMINATION OF FLOW IN OPEN CHANNELS

There are three methods of determining the flow of water in open
channels—(1) by measurement of slope and cross section and use
of formulas, (2) by means of a weir, and (3) by measurements of the

1 Bowie, A, I, jr., A Practical Treatise on Hydraulic Mining, 1885, p. 126,
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velocity of the current and of the area of the cross section. The
method chosen depends on local conditions, the degree of accuracy
desired, the funds available, and the length of time that the record
is to be continued. A simple method of ascertaining the approx-
imate amount of water flowing in an open channel is as follows:

Select, along the ditch, flume, or stream where the water runs
smoothly a straight course of nearly uniform cross section. Measure
oft 110 feet along the channel and set stakes at each end, or stretch
a line across, and call the distance 100 feet. Place in the canal
as quietly as possible floats made by weighting empty shotgun shells
with shot or small gravel and fitting into them cylindrical wooden
plugs 4 to 6 inches long. Different kinds of floats may be used, but
those so shaped and so weighted as to be least affected by wind are
the best. Note the average time in which several floats traverse the
distance, divide this distance in feet (100 feet) by the average time
in seconds, and the result will be the velocity in feet per second;
multiply this by the area of the cross section of the stream in square
feet to find the number of cubic feet of water flowing per second.
If the cross section of the channel is not uniform, an average should
be determined from imeasurements of the cross section at different
places. In surface-float measurements of ordinary streams with
rough bottom a deduction of 10 per cent from the surface velocity
at the center of the stream is generally made in determining the
mean velocity, whereas for canals, ditches, and flumes 5 to 8 per
cent may be a fair deduction according to the smoothness of their
walls and the form of the cross section.

ALASKA WATER CONDUITS

The accompanying table on water conduits contains important
data on ditches delivering water under various conditions. As there
are so many ditches, and reliable detailed data on most of them can
not be had, only a few selected examples are given. Many of the
ditches can now carry only a small proportion of the water for
which they were constructed, and as the quantity usually fluctuates
greatly during the season the average stated is only approximate.
The cross section also is variable. The data given have been ob-
tained from many sources, mainly from operators. To make and to’
check such measurements was not practical. Alaska miners seldom
note the volume of water used. Although the amount of water sup-
plied by some ditches may seem small, it must be remembered that
* ground-sluice ” or “ bank-head ” water may be taken from the im-
mediate creek and not drawn from the ditch. The head or pressure
is the difference in elevation between the water level in the penstock
and the point where the water is discharged, and as work proceeds
upstream the head diminishes accordingly.
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DAMS AND RESERVOQIRS

Water is impounded in reservoirs or directly diverted from
streams by dams and then conducted to the workings through
ditches, flumes, pipes, or hose.

DAMS

Small dams are effectively built with sod or moss (fiz. 4). In
most places they become permanently frozen, hence will stand at
a steep angle, especially if brush and sod are laid alternately. In
laying the brush the butts are pointed downstream. Where sod
was not available, sacks filled with gravel and sand have been used.

Heavier dams are often constructed by placing one or more logs
across the stream and on the upstream side driving spiles which

FigUvre 4.—Typical small dam, made of brush, gravel, and sod, for diverting water
to ditch

point upstream at an angle of 50 to 65°. The spiling is then covered
with gunny sacking or lined with sod to prevent leakage.

In the larger, swifter creeks strong dams are necessary. These
are ordinarily built of timbers up to 12 inches in diameter, notched
and placed to form square cribs. These cribs are filled with clay
and gravel by hand or by hydraulic means. All dams must be pro-
vided with gates and spillways large enough to handle the excess
water. The dam shown in Figure 5 is typical.

The timber dam with hydraulic filling under construction on
Canyon Creek in the Sunrise district (fig. 1, 50) will, when com-
pleted, be the largest dam to be used for placer mining in Alaska.
This dam is in a narrow rock canyon and will serve both for storage
and diversion. The base will be 45 feet long and 125 feet thick and
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the top 125 feet long and 40 feet thick. The total height will be
110 feet, or 92 feet to the bottom of the main spillway, which will
be 24 feet wide and in the solid rock wall at one side. There are
two 12 by 12 foot outlets at the base, which will be permanently
closed when the dam is completed. White hemlock timbers 9 to 16
inches in diameter are used; a network of cribs, 10 feet square, the
sides of which are set at an angle of 45° with the stream, is built up
and braced with cross timbers and keyed to the rock walls. As
construction advances the spaces between timbers are filled with
clayey gravel.
RESERVOIRS

In the mountains and in the interior, where the water supply is
intermittent, active mining is generally restricted to two or three

Figuee 5.—Dam and Aume on Dan Creck, Nizina distriet

months in summer and then is on a small scale. In many places an
intermittent supply is caught by constructing banks on the hillsides
or damming the natural drainage channels or ditch line. Such res-
ervoirs are rarely more than a few acres in area and a few feet deep
and are equipped with hand or automatically controlled gates.
There are only a few places where lakes can be utilized for storage
or where large storage sites would be practical.

Where various mines use the water repeatedly, settling ponds must
be constructed. On Willow Creek in the Iditarod (fig. 1, 27) large
quantities of sand from other mines are brought down the creek.
To settle the sand a large dam of moss, brush, and sand has been
built, which is made higher as the sand accumulates. It is now 500
feet long, 12 feet wide, and 15 feet high. The cost for construction
and maintenance during its life of six years has been about $20,000.
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The water from the settling pond is used by two placer mines. Dur-
ing most of the average season the supply is so small that each
operator takes water on alternate 12-hour shifts (fig. 6).

SNOW FENCES

The meager water supply of most mines situated on high, wind-
swept places, as high-bench placers, where little snow accumulates,
can be much improved by the use of snow fences.

Snow fences similar to those built along railroads were used with
satisfactory results on the Upgrade Association property in the
Iditarod district. Six-inch boards spaced 6 inches apart are nailed
to 2 by 4 inch uprights. Each section is 12 feet long and 5 feet high
and is set at an angle of about 60°. Two parallel fences, each 1
mile long, were placed near the summit of the mountain at right

Ficrre 6.—Settling pond for tailing, Iditarod district

angle to the prevailing wind. As the snowdrifts built up, the
fences were repeatedly dug out and placed on top until 40 to 50 feet
of snow had accumulated. The labor cost was about $1.500. This
work lengthened the average water season by five weeks, or until
August 1. Snow of such depths soon hardens with the early thaws
and prevents the otherwise rapid spring run-off. In the Nome and
in other districts brush fences have been successfully used for piling
deep drifts.
DITCHES

METHODS OF CONSTRUCTION AND CONDITIONS ENCOUNTERED

Thousands of miles of ditches were dug during the earlier days
when richer gravels were being mined. Many of these ditches have
been abandoned, and only parts of others are now in use; however,
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many are now legacies for later miners and enable eround to be
mined which would otherwise remain idle. Comparatively few
ditches, mostly short ones of small capacity and these mainly in the
interior districts, have been constructed in recent years. No new
methods of construction have been used, although through past ex-
perience and the use of steam shovels, tractors, modern plows, and
graders large ditches such as the Miocene, Fairhaven, and Candle on
Seward Peninsula could now be dug at lower cost, and many of the
difficulties that were encountered could be avoided.

DITCHES ON SEWARD PENINSULA

Seward Peninsula has led in the construction of large, long
ditches; had dredging reached the stage of development that it now
holds many of them would probably never have been dug. In the
interior the ground is in some respects more favorable for ditching
than on Seward Peninsula, but conditions are generally adverse for
obtaining large volumes of water under pressure, so that no ditches
of great capacity or length have been constructed there. In southern
Alaska longer ditches than 3 or 4 miles are seldom necessary.
The ground there is usually free of frost, and no unusual difliculties
in construction are met.

Frozen ground and ice—The greatest obstacles to ditching in the
Seward Peninsula and in the interior are frozen ground and ice, boti
on the slopes and in the creek valleys. This is especially true where
the ground is frozen muck, or where irregular bodies or seams of ice,
called “ glacier ” ground, are present. These ice seams range from a
few inches to 3 or more feet thick and from 25 to 150 feet in maxi-
mum dimension; their shape is generally oblong, and they are
believed to be due to the freezing of seepage water. Most ditches
encounter muck; “ glacier ” ground while common is irregularly dis-
tributed. In mucky, icy ground, special methods of construction and
precautions must be employed to control the thawing of the frozen
muck. A low grade and a slow current are very important when
ground is of this character. Muck thaws rapidly on exposure to air
and water, and when once beyond control causes much ditch trouble.

Description of ditch construction—Henshaw and Parker ** say that
over 400 miles of ditch with a capacity of 20 second-feet or greater
have been built on the Seward Peninsula. Frozen ground has caused
serious difficulties there as well as in the Yukon-Tanana region.
The methods of construction and means of overcoming difficulties are
described by Henshaw and Parker, as follows:

Ditches are constructed by several different methods, according to the con-
ditions of the ground encountered. Horses have been used for the work wher-

20 Henshaw, . K., and Parker, G. L., Surface Water Supply of Seward Peninsula,
Alaska : U. 8, Geol. Survey Water-Supply Paper 314, 1913, pp. 258-260.
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ever possible. In one method the ground is first prepared by removing the
moss and turf from a strip 40 or 50 feet wide on either side of the ditch. This
should be done, if possible, the summer before actual construction is begun,
in order that the ground may thaw more readily. Actual construction begins
with plowing, after which some of the material is moved with a grader from
the upper side of the ditch to the lower bank until a practically flat bench is
produced. The cut is then excavated with horse scrapers down to grade and
the material niled up on the lower bank. The ditch is finished by hand, and
both bottom and bank are trimmed to an even grade and alignment. The
method above described is practicable where the ground contains only small
or medium sized rocks and is about the cheapest and most rapid that can be
used, but it requires exceptionally favorable conditions to make it a success.
Where the ground is naturally unfrozen or can be made to thaw easily, and
where other conditions are similar to those encountered in a temperate climate,
no difficulty is experienced.

Wherever the ground is frozen muck, or so-called * glacier,” it melts rather
slowly when exposed to the air, and the work of execavation must be done by
hand while it thaws. The best practice is to keep exposed as large an area
as possible and to remove the soil in thin layers.

More or less rockwork has to be done on all the ditches. Some of them
have had to pass around cliffs of practically solid rock where the construetion
required a large amount of blasting, Rock cuts offer no problems not met in
other fields, except in the method of making the ditch tight, which is done by
the use of a peculiar tough and tenacious sod abundant in many places in the
north. The sod is cut with mattocks into pieces 1 to 2 feet square and placed
in the ditch, bottom up. Two layers are usually placed in the bottom, breaking
joints as well as possible, and the whole is carefully and solidly tamped into
place. The sides of the ditch are made tight with a sod wall, the pieces being
laid one above another, bottom up. Where the sod is above the water line part
of the time, the grass usually continues to grow and its living roots bind the
material more closely and firmly together. The best sod, and the only kind
which fully meets the requirements, is that containing grass roots and very
little moss, for the moss is less tenacious and decays more rapidly. Grass,
however, is not abundant in many places, and it is therefore often necessary
to use sod of inferior quality, with correspondingly unsatisfactory results.

Canvas has been used in some places to line ditches but is expensive and is
reported to be not wholly satisfactory. If it is disturbed after it is once laid
down it is likely to be torn, in which event it becomes practically useless.

In ground composed largely of frozen muck or ground ice, special methods
and precautions must be taken. This material when it thaws leaves a soft
residue. largely mud and decomposed vegetable matter, which may be only 20
to 30 per cent of the original volume. Water flowing across such material
causes it to thaw rapidly, and consequently when a ditch is built through it
precautions must be taken to prevent too much thawing. Where the muck is
present the portion nearest the surface usually contaings much more earthy
matter than that just below, and in many places there is a layer of blue clay
just beneath the moss. The vegetable matter close to the surface is also less
completely decayed and therefore more solid and tenacious than that lower
down.

If this surface covering is allowed to remain in place and the ditch built
over it by building up the lower bank with sod and with material stripped
from the top. good results can usually be obtained. When stripping is carried
to just about the right depth, the water, after being turned into the ditch,
will cause the ground to thaw a little. The bottom will settle a few inches,
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and then the ditch practically builds itself, so that eventually the water is
carried in a section entirely below the surface of the ground, and the ditch
can not leak because its sides are all soft, fine material, mostly muck and
clay, backed by solid and impervious frozen ground. These ideal conditions
are generally aimed at by ditch builders but are attained only at certain
localities and by special care in building and watchfulness in maintaining
the ditch.

EXPOSURE AND GRADE

Experience has proved that wherever possible ditches should be
run along southern slopes, as these thaw more quickly in the spring,
afford an earlier water supply, have more earth and less rock, and are
less liable to contain permanent frost than the northern slopes.
Water conducted along southern slopes will also be appreciably
warmer, a feature of importance if it is used for thawing frozen
ground.

In ground free of permanent frost standard methods of construc-
tion with standard ditch constants will produce satisfactory results.
The tendency in unfrozen ground is to make deeper, narrower
ditches and use higher grades, with consequent reduction in the
amount of excavating and the cost of construction. The grade used
on the ditch, however, decreases just so much the elevation that
would otherwise be available for pressure.

Ditches constructed through frozen muck should be comparatively
wide and shallow, with a low velocity, not more than 2 feet per
second. In frozen soil, gravel, or clayey slide material, grades up to
9 feet per mile have been used without giving trouble. Under
average conditions the Alaska ditches have bottom widths two to
three times the depth, top widths to one and one-third to one and
one-half times the bottom widths, and side slopes of 45° to as much
as 65°.  Such high slopes for the sides, however, quickly cut down.

MAINTENANCE AND REPAIR OF DITCHES

Ditches are only used during the open mining season—four to
six months—so much work must usually be done each spring in open-
ing the ditch line and in making repairs. Deep snowdrifts often
cover parts of the ditch and, before the water can be turned in, a
channel must be dug along the bottom. Where the snowdrifts are
usually deep, as on the Seward Peninsula, holes are sunk to the
ditch bottom at about 100-foot intervals, and these are connected by
small tunnels, which quickly enlarge when the water is turned in.
Great care must be taken in turning water into a ditch in spring,
otherwise the frost will be drawn too quickly and breaks may result.
Where there is much slush it should be run off through the waste
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gates, which should be placed at least every third of a mile and
should be of ample size. Failure to draw off the slush may result in
choking, overflows, and damage to the sides. At the close of the
season the ditch should be drained and all waste gates left open.
Figure 7 shows a partly melted snow bank that had been 50 feet
deep in places and had covered several miles of the Miocene ditch.
The picture was taken on July 5, 1922, two days after a serious break
in the ditch a short way beyond this place. The break stopped all
mining operations for four days and required the work of 40 men
and 3 teams of horses to repair it.

Different means have been tried to keep water running in the
ditches in the late fall. One method is to raise the level of the water
temporarily, permit the surface to freeze, and then lower the water
level, leaving an ice cover. However, suich measures are seldom

Fisvee T.—Remaining portion of snow bridge over Miocene ditch, July 5, 1922

practical, for as soon as freezing weather sets in the water supply
usually diminishes very rapidly, although during the middle of the
day there may be a good flow until the final * freeze-up.”

Conditions in Alaska vary widely and losses in conducting water
through ditches have been studied at only a few places. The main
factor in seepage loss is the character of the country over which the
ditch is built. At ditches properly built through frozen ground
seepage losses ordinarily are very small, and unless the season is
unusually dry both seepage and evaporation losses are usually com-
pensated for by the water that seeps into the ditch or by small side
streams which can be turned in. Seepage measurements made by
Henshaw and Parker?* in 1908 at several ditches in the Seward
Peninsula showed the leakage of the Fairhaven ditch, which is built

2 Henshaw, F. F., and Parker, G. L., Work cited, pp. 263-269,
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over frozen muck, to be almost negligible; for the others the average
loss per mile under varying conditions of supply, size, character of
ditch, and climate was about 0.5 second-foot and may be as much as
1 second-foot ; and in a few places where the soil or rock is unusually
porous or fractured it may be much higher. On the Seward ditch,
which cuts 12 miles of limestone country, there was at one time an
unusually large loss of water—investigation showed 1t to be about
70 per cent—by escape through the limestone crevices. Most of the
loss was stopped by lining the ditch with sod and by fluming the
worst places.

COST OF CONSTRUCTION AND MAINTENANCE OF DITCHES

Maintenance of some ditches is a large item of expense, although
no unusual trouble should result if the ditch is properly constructed
and well handled at the start. The greatest maintenance cost is
usually for the first two years after construction. Short ditches
commonly require but occasional attention, whereas ditch tenders
must be employed on the longer ones. One man is generally allotted
5 to 8 miles of ditch to keep in good condition.

The cost of ditch construction is determined by local conditions
and the methods used, but under average conditions ditches can be
dug for 75 cents to $1.25 per cubic yard. Hand-dug ditches in frozen
ground, carrying up to 100 miner’s inches of water, cost $800 to
$1.500 per mile. Ditches with 4 to 5 foot bottoms, carrying 100
to 400 miner’s inches, have been constructed under favorable condi-
tions—ground being broken with horse-drawn plows and excavated
by hand—for $1,500 to $3,000 per mile. Ditches to carry 700 to 1,500
miner’s inches have been constructed for $2,500 to $5,000 per mile.
There are many exceptions to the above, and special consideration
must be given ditches that require much rockwork and flume con-
struction. The building of large ditches in Alaska is expensive, and
unless a ditch is properly constructed its maintenance over a period
of years may cost as much as the original construction. As the
ditches are in use for actual mining only three to five months of the
year and many of them deliver only small amounts of water, the
cost per miner’s inch or per cubic yard of placer mined is frequently
high. On the other hand, many old ditches are now in use which
have either been written off or were obtained by present operators for
only a small fraction of the original cost. Under such conditions
the cost for water may be very low, and in some districts may permit
mining that would otherwise be unprofitable. The sale of ditch
water is no longer practical, although in a few places the ditch is
maintained by several operators and the water is divided by amount
or by time of use.
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TYPICAL LARGE DITCHES

MIOCENE DITCH

The Miocene ditch system on the Seward Peninsula is the largest
and most extensive in Alaska and originally included 31 miles of
main ditch and 24 miles of lateral feeders and distributing ditches.
Further extensions were at one time under construction but were
not completed. This ditch system diverts water from upper Glacier
Creek, upper Snake River, Nome River and its tributaries, and the
Grand Central River drainage basin for use on claims along
Glacier, Dexter, Anvil, and Little Creeks. Construction of the
ditch began in 1901 and was active until 1907.

The main ditch runs from Hobson Creek to the tunnel. As far
as the “ X,” where one branch goes to Dexter Creek, this ditch was
made 10 feet wide at the bottom, 14 feet at the top, and 3 feet deep,
with a grade of 3.37 feet to the mile. Seventeen miles of ditch from
the head of Nome River to Hobson Creek were built 8 feet wide at
the bottom, 11 feet at the top, and 3 feet deep, with a grade of 4.5
feet to the mile. From the “ X ” to the tunnel the dimensions were
the same as at the upper end of the main ditch, but the grade was
6.5 feet to the mile. There are 5 miles of rockwork along the ditch,
including the 1,800-foot tunnel between the Glacier Creek side
and Anvil Creek. The main ditch was originally constructed to
carry 3,000 miner’s inches of water. From 1910 to 1912 it was
enlarged to a width of 16 feet with steam shovels, and the rock cuts
and tunnels were also widened to increase the capacity to 5,000
miner’s inches. The longest siphon—38,100 feet long and 66 inches
in diameter—is across Hobson Creek. The largest siphon—82 inches
in dameter—is at Flume Camp. Only 40 miles of the ditch system
are now in use, as the Dexter Creek branch and several others are no
longer maintained. The ditch has not been cleaned since it was
widened and now carries 8,000 to 3,500 miner’s inches of water, all
of which is used under a maximum head of 320 feet at the Little
Creek hydraulic elevator and water-thawing operations.

Construction of the original ditch system is said to have cost about
$500,000, and the water rights and other incidental expenses cost
about the same. Enlarging the ditch cost about $250,000. The cost
of maintenance averages about $600 per mile per season, without
allowances for the cost of extensive repairs that are sometimes neces-
sary. Ten ditch tenders are employed throughout the season. In
1921, 312,489 twenty-four-hour miner’s inches of water were used,
and the cost of ditch maintenance alone was about $20,000.

FAIRHAVEN DITCH

The Fairhaven ditch takes its water from Imurnk Lake, where
a dam 500 feet long and 5 feet high was built to form a storage
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reservoir large enough to hold the total inflow at the lake for two
years, if necessary. The upper section is 17 miles long and empties
into Pinnell River. Six miles below this point of discharge it
enters the lower ditch, which is about 19 miles long. The ditch has
a grade of 4.2 feet to the mile and was built 11 feet wide at the bot-
tom, but because of difficulties in controlling such ground it has
widened to 15 or 20 feet or more in many places. Maintenance has
been exceedingly difficult and costly. Although the ditch was con-
structed to carry 5,000 miner’s inches, it has never carried more than
about 2,700 miner’s inches. Only the lower ditch is now in use.
A maximum head of 530 feet can be obtained from the upper pen-
stock, but this head has been found to be too great for practical use,
so a lower penstock was built and the head reduced to 330 feet. The
cost of the original ditch construction is stated to have been about
$650,000, and before the ditch was finally gotten into shape this
cost was practically doubled.

OTHER TYPICAIL DITCHES

The following examples are characteristic of many ditches of
recent construction.

In the Hot Springs district two ditches 4 and 2 miles long, both 4
feet wide at the bottom, were constructed through partly frozen
muck and slide material. Horses and plow broke ground and fin-
ishing was done by hand for 30 cents per foot. The cost covers the
dam and waste gates.

In the Ruby district a typical small hand-dug ditch through frozen
muck, 2,600 feet long and 3 feet wide at the bottom, was dug at a
cost of $700; another in the same district, 4 feet at bottom, 2 feet
deep, and 214 miles long, for $1,000 per mile.

In the Rampart district a shallow ditch, 4,000 feet long and 6
feet wide at the bottom on a 9-foot per mile grade, was dug entirely
by hand for 25 cents a foot. Three-fourths of the ditch was dug
through frozen muck, the rest in gravel and slide rock. There is also
600 feet of 3-foot flume set on trestle on a grade of 18 feet per
mile. The fluming cost $2,000, and annual maintenance averages
about $500. Much trouble was at first experienced along the part
of the ditch that is frozen muck.

In the Yentna district a 1%4-mile ditch with a 4-foot bottom was
constructed with horse and plow and finished by hand at 50 cents per
foot. It was dug through clayey gravel and soil, with a short
distance through muck, all free of permanent frost.

In the Fairbanks district a 2-mile ditch 414 feet wide at the bottom
and 8 fect at the top, with a carrying capacity of about 1,000 miner’s
inches, was dug with plow and scraper through clay and soil at the
upper end and slide and loose material at the lower end and hand
finished for $5,250 per mile, a high charge for this type of ditch.
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One man is kept attending to the ditch because tailing from opera-
tions above causes much trouble.

On Candle Creek, in the upper Kuskokwim district, a ditch 8 feet
wide at the top, 6 feet at the bottom, and 214 feet deep, with the
lower bank sod lined, was constructed for $1 per foot. The average
carrying capacity is about 300 miner’s inches. The ditch is cut
through frozen muck, clay, and soil. Its low maintenance cost
proves that sod lining fully repays the added outlay. Sod is cut in
1-foot squares and, starting at the bottom of the lower side of the
ditch, one square is placed on top of the other in much the same man-
ner as bricks are laid; the lining, however, conforms to the slope of
the side.

A new ditch 114 miles long has just been completed in the Innoko
district.  With the exception of about 1,500 feet of frozen muck, all
the material ditched was decomposed slate and schist in place or
slide rock, free of frost. A large part of the ditch follows the steep
hillside, where a cut in the solid formation 1% feet deep on the
lower side was necessary. The ditch is 5 feet wide at the bottom
und 7 feet at top, with a grade of 5.5 feet to the mile; it is con-
structed to carry about 350 miner’s inches. The sod was first re-
moved by hand, then plowed and leveled off with a drag scraper
with horses, and dug and finished by pick and shovel. Three to five
men were employed for two seasons. The total cost of the ditch
was $6,000.

PROPOSED DITCH IN FAIRBANKS DISTRICT

A survey has recently been made for an enormous ditch project
in the Fairbanks district. The main ditch would be run from the
intake on Chatanika River, three-fourths of a mile below the junc-
tion of Ifaith and McManus Creeks, following the north side of the
valley, then carried across the Chatanika River under a 550-foot
head through a 7,930-foot wooden-stave siphon 4 feet in diameter to
Cleary Creek, then past the head of Little Eldorado and Dome
Creeks to Vault Creek, then through a 4,000-foot tunnel to Fox, on
Goldstream Creek, where the head would be 350 feet. Here one
branch would follow up the north side of Goldstream Creek to
Golden and the other branch would continue west as far as Ester
Creek. This ditch line would be 100 miles long and about 15 feet
wide at the bottom; the ditch would be dug with steam shovels, be
run on a grade of 2.64 feet to the mile, and have a carrying
capacity of about 5,000 miner’s inches. To avoid as much frozen
ground as possible, the southern exposure of the hills would be
followed and the water carried across the deep draws and valleys,
through siphons 4 feet in diameter. There would be 44,000 feet of
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continuous wooden-stave siphon in this main ditch. The siphons
would be placed with a fall of 4 feet for each 1,000 feet, and the
grade in the 5 by 6 tunnels would be 214 feet per 1,000 feet. The
minimum flow of water expected at the intake is about 1,600 miner’s
inches. To assure enough water during low-water periods, a lateral
ditch was considered which would double the supply, bringing water
from Beaver River to the main ditch at Bell Creek, a distance of
40 miles, including the 2 miles of siphon and 114 miles of tunnel.
A recent resurvey of this project, known as the Seventy-nine Mile
or Davidson ditch, has been made. Present plans include a 79-
mile system, bringing the water as far as Golden. Plans for a
lateral ditch from Beaver River have been abandoned.

FLUMES AND SIPHONS

Flumes and sometimes pipes are used for conducting water across
ravines or places below the grade line of the ditch, along the face of
vertical cliffs, over ground containing shattered or porous material
productive of large seepage and absorption losses, or over ground
difficult and costly to excavate. Most ditches encounter some of these
conditions and ordinarily some flume must be constructed. Many
miles of flume have been built in Alaska, but because the cost of
construction is generally high and they are difficult to maintain,
flumes should be used as little as possible, especially where ditching
can be done or where pipe is permissible.

Flumes are less permanent than ditches, for they are subject to
exceptional deterioration as the waterway is not in use for the greater
part of the year. Sand and gravel in the water cause deep scouring
of the lining boards when in use, and during the winter the action
of the ice and frost loosens and warps the boards. Snow and rock
slides, floods, forest fires, and the weight of the deep snow may all
cause damage. Where flumes are constructed over frozen ground
gpecial precautions are necessary to protect the ground from thaw-
ing; otherwise the foundations may settle, open the joints, loosen the
boards, and make the flume break to pieces. Thawed ground expands
on freezing, raising the flume and throwing it out of line and grade.
On subsequent thawing, the flume will rarely return to its original
position and after several of these successive periods will be so out of
position as to be useless.

SUCCESSFUL FLUME CONSTRUCTION

Successful flumes have been built over frozen ground where the
heavy sod covering is still intact by placing two heavy log stringers
side by side on the sod parallel to the proposed flume; on these are
placed the sills upon which the flume is constructed. Where there is
no sod, the frozen ground is covered with a thick blanket of sod to
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Leep in the frost. A thick covering of clay has also been used, but
it is not a permanent protection. Satlsfactory foundations have also
been made by digging shallow holes, filling them with gravel, and
placing on top a wide plank or timber to distribute the load.

A notably successful flume over frozen crroum] was built on the
Miocene ditch.*

This flume is 1,100 feet long and has a width of 8 feet and a depth of
28 inches. It was constructed in 1901, and until 1906 or 1907 it retained prac-
tically perfect alignment. both horizontal and vertical. No extensive repairs
were necessary on it until 1909. In putting in the foundation, trenches were
dug 3 or 4 feet in the frozen ground, which was practically all ice. A sill was
laid in the bottom of the trench and the uprights fastened to this sill. The
excavated material was then replaced in the trenches and allowed to freeze
again into its original condition. Sod was carefully placed over the trench, the

Figuere 8.—Flume in the Rampart district

uprights were then sawed off to grade, and the flume constructed on them.
Even with all these precautions, however, at the end of about eight years the
flume was in such bad shape that extensive repairs had to be made,

The grade to be given a flume is generally governed by the topog-
raphy. Although increasing the grade also increases the velocity
of the water and thereby permits use of a small flume at less ex-
pense, this practice is not the rule in Alaska. Most Alaska flumes
are set on the same grade as the ditch or at a slightly increased grade.
There are a few places where the flume grade is twice that of the
ditch.

The iron fluming which in recent years has been placed on the
market has many advantages over the ordinary board flume and
should be considered in districts where lumber is expensive and long
life with low maintenance is desired. Figure 8 shows a board flume
in the Rampart district.

= Henshaw, F. F., and Parker, G, L., Work cited, p. 262,
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SIPHONS

Appreciable saving in the expense and length of ditch can often
be made by carrying the water across a valley or other deep depres-
sion through a siphon, as has been done on a number of ditches in
the Seward Peninsula and a few of the larger ditches in the interior.
Many large siphons have also been built in Yukon Territory.
Riveted steel pipe has been used for many Alaska siphons, although
wooden-stave pipe has also been used. Two wooden-stave siphons 42
inches in diameter and 1,050 and 800 feet long were built along
the Seward ditch across Hobson and Clara Creeks. Two large
riveted steel siphons were built on the Miocene ditch.

PIPE LINES, GIANTS, AND NOZZLES
PIPE LINES

Water under pressure is used for hydraulic mining; it is also
used in other forms of placer mining for removing overburden,
leveling old tailing piles, or thawing. For such uses it goes from
the dltch or flume into the pressure box or penstock (see fig. 9),
whence it is conducted through plpes to the giants. The practice in
penstock construction in Alaska is similar to that followed else-
where, although local conditions influence the kind, size, and method
of installing pipe lines.

Riveted steel pzpe —~Riveted steel pipe w1th slip joints is gen-
erally used, as it is cheaper, lighter, and more easily transported
than other steel pipe, and can be readily and quickly laid. With
average topography experience has proved that slip-joint pipe of
proper gauge will stand great pressure. In present practice 10 to
16 United States standard-gauge pipe is used in diameters of 7 to 36
inches. Long pipe lines are not the rule. ,

An allowance of 3 inches must be made for each length for j ]om-
ing, as the end of one length slips into that of the next. The larger
average sizes should not be less than 14 gauge, otherwise they are
easily damaged. The larger end of the pipe to be connected is often
heated to expand it, generally by wrapping it with burlap dipped
in kerosene and igniting the burlap; the smaller end or outlet of the
pipe above is entered and then is driven in with a heavy ram by
striking a driving plate covering the opposite end of the pipe. As
many of the lines are moved rather often, the ends become enlarged
and battered from repeated driving, and the joint becomes leaky.
Usually the smaller end is wrapped with burlap or canvas soaked
in tar before driving, in order to make a tight joint.

Manufacturers nest three to five different diameters of pipe in
one bundle, and either fasten the ends together or wedge or seal them
with wooden or metal caps held together by a central iron tie-rod.
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The latter method is the best, as the caps save the ends from damage.
Nesting pipe for shipment makes a large saving in freight, as pipe
is generally rated according to measurement, prevents injury to
it, and facilitates transportation. Pipe shapes punched for rivet-
ing have been shipped knocked down in bales. Riveting on the
ground is generally a poor job. Pipes are usually given a double
coating of asphaltum before leaving the factory to protect them from
rust and to give a smoother surface to the interior.

Little attention is paid to the upkeep of pipe in Alaska. The pipe
soon rusts and scales, and when this happens within, the internal
friction rapidly increases. Pipe in such condition should be dipped
in asphaltum or a similar substance. A preparation commonly used
is made of 28 per cent crude asphaltum and 72 per cent coal tar
(free from oily substances).

Ficrre 9.—Dam, penstock, and head of pipe line, Nizina districL

Spiral-riveted pipe—Spiral-riveted pipe with slip joints, but more
often with steel or cast-iron flanged joints, is also in use, especially
on the Seward Peninsula. Spiral-riveted pipe will stand harder
usage and higher pressures than the ordinary riveted pipe but costs
much more. Flange joints also have advantages, but they are heavy,
expensive in first cost, and, as it is best to have them fitted to the
pipe at the factory, can not be nested for shipment.

Wooden-stave pipe—Wooden-stave pipe lines and siphons have
been constructed in the Seward Peninsula and to a smaller extent in
the interior. The Grand Central pipe line of the Wild Goose Min-
ing & Trading Co. was built of continuous wooden-stave pipe; the
intake was 48 inches in diameter and balance of the pipe 42 inches.
Wooden-stave pipe should give satisfactory service in Alaska when
assembled correctly and laid on proper foundations. Redwood
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pipe has proved less susceptible to deterioration under Alaska condi-
tions than pipe made of other woods. Wooden pipe does not ex-
pand or contract like steel pipe, has a lower internal friction,
and under freezing temperatures will carry water much longer.
Its first cost is less than that of heavy steel pipe, and in districts
where transportation conditions are favorable it is worthy of serious
consideration for large pipe lines when long life is desired.

LAYING PIPE LINES

On account of expansion or contraction from temperature changes
steel pipe lines are usually laid when the weather has a more or less
constant temperature, as early in the spring or at night. Where
the line can be laid on a slight curve, contraction will then tend to
straighten out the line and expansion will return it to its normal po-
sition. When in use and full of water, a pipe line is practically
unaffected by outside temperatures. As the average small pipe line
is generally taken down and moved each season, it rarely has expan-
sion joints. Long, larger, diameter pipe lines, which are prac-
tically installed for the life of the property, should have expansion
joints of some kind or contraction may pull them apart. Pipe lines
are protected further with sod, moss, or earth, and along steep side
slopes they are buried or covered with a timber shed to prevent in-
jury from slides or falling rocks.

Near Nome six men averaged laying in a 11-hour shift, at a cost
of about 9 cents per foot, 500 feet of 20-inch slip-joint pipe which
had been used elsewhere but was in good condition. It was laid on
a gradual slope where v1rtually no excavatlon or foundation work
was required.

On Chititu Creek in the Nizina district (fig. 1, 47) the pipe was
laid during the night shift and the foundatlons and excavations
were made during the day. Six nights were required for 15 men to
lay 6,500 feet of slip-joint pipe 26 to 18 inches in diameter. The
entire construction (which consisted of a gravel and clay filled tim-
ber crib dam 100 feet wide, 10 feet high, and 12 feet at the base, with
a 24-foot spillway, 144 feet of 3-foot flume, an 8 by 12 foot penstock -
with a sand box, and the pipe line itself) required 534 man-days,
at a labor and mess cost of $3,871.50.

At one mine in the interior six men laid 300 to 500 feet of 16 to
32 inch slip-joint pipe or about 1 mile of small-diameter pipe in
10 hours.

Alaska practice is to use many different diameters of pipe in the
line. From a bell-mouthed entrance pipe at the penstock, followed
by a length or more of large-diameter pipe, the size of the pipe is
reduced from 1 to 4 inches at a time. A pipe line of only two or
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three different diameters is uncommon, largely because of nesting in
shipment and the saving in cost as compared with larger pipe or
pipe of heavier gauge. By lessening the diameter of the pipe the
heavier pressure can generally be handled safely with pipe of a
lighter gauge. The small diameters of many pipe lines and the
sharp bends commonly made cause much internal friction or loss
in head, a matter of importance in Alaska, where the available head
is usually low. These results may be justified if other considera-
tions outweigh the resulting loss in head. Most engineers agree
that to obtain efficient and economical operation water should flow
in the pipe at a velocity of not more than 8 feet per second. Such
a restriction can seldom be economically met in Alaska.

Much of the pipe in use has been obtained from former hydraulic
plants for a nominal figure. In many instances more suitable pipe
could have been obtained if a new outfit had been purchased, but
operators are getting along the best they can with what is available.

CANVAS HOSE

Canvas hose is used at small mines in remote districts for ground
sluicing (see fig. 10) and hydraulicking under low pressure. In a
few places it is used under as much as an 85-foot head. This hose is
generally 10 to 14 ounce duck in 6 to 9 inch diameters. Regulation
canvas fire hose and nozzles are also used. Canvas hose kinks,
chafes, cuts easily when dragged over the rocks, and is difficult
to handle. One ingenious operator has tarred his hose inside and
out and has suspended it from timber bents. With shallow ground
to mine and under low head, canvas hose has the advantage of port-
ability, but is usually more expensive than pipe of similar capacity.

HYDRAULIC GIANTS

The giants, or monitors, and nozzles used in Alaska are of standard
makes, chiefly of Seattle and San Francisco manufacture. Double-
jointed giants, with or without ball bearings, are used, and under
heads of 150 feet or more deflectors are generally employed for
handling them. Deflectors handle giants with ease and much more
work can be accomplished. Small giants under low heads are
pointed by hand. The average hydraulic mine uses Nos. 1 to 3
giants with 2 to 4 inch nozzles. Nozzles 214 and 3 inches in size are
usual in the interior, and 8 to 41% inches on the Seward Peninsula;
in southern Alaska, where larger volumes of water are obtainable,
Nos. 4 and 5 giants with 4 to 6 inch nozzles are often used. No. 7
giants with 5 and 6 inch nozzles are used at one mine there, and
although they are too heavy for the present work they were part
of the old equipment. As far as known the largest nozzle used
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in Alaska is at Valdez Creek (fig. 1, 42) and is 8 inches in diameter.
When water supplies get low operators are obliged to reduce the
size of the nozzles used. For undercutting and for cutting frost
under average conditions a smaller nozzle has been found the most
satisfactory, the 2-inch size being generally used. Grit in the water,
especially glacier water, is a common occurrence in Alaska; it
quickly cuts out the gaskets in the giants, cuts the nozzle, and de-
stroys the shape of the jet, causing it to spray. Air in the pipes also
causes spraying.
PUMPING

At many placer mines water is pumped for sluicing. Where steam
equipment is already in use and fuel is not expensive nor the lift
great, the cost of pumping small quantities of water has been found
to be little, if any, higher than that of ditch construction and main-
tenance. Pumping water by steam pump or water power for hy-
draulic mining has been tried but almost invariably found too ex-
pensive. Where cheap fuel or cheap water power is available and
the water supply is erratic, the possible savings of a pumping system
should be studied before large and extensive ditches are built.
Where water must be lifted and a large volume can be obtained
under a comparatively low head, the newer and more efficient types
of hydraulic rams are a cheap and satisfactory means for raising
a part of that water to a height many times greater than the initial
head.

WASTE DITCHES AND DRAINS

In mining creek deposits, water must be kept out of the working
pit and the seepage drained off. For this purpose sod or timber
dams are constructed above the area to be mined. These dams are
equipped with gates to deliver ground-sluice water to the pit as re-
quired and an ample spillway, with by-pass flumes, or ditches to
conduct all excess water around the workings. In narrow gulches
a large by-pass flume may be the only practicable installation. In
the wider valleys the creek is generally diverted to the opposite side
of the valley by wing or diversion dams. All by-pass conduits
should be made large enough to safeguard the operation from flood
conditions.

Open drains leading from the working pit afford drainage under
average conditions. They are carried on a grade as steep as con-
ditions will permit. In the Fairbanks and other districts, mainly
at the steam-scraper mines, where it is not practical to carry a long
open bedrock drain, the pit is drained by steam pumps. The amount
of seepage water is usually small, most of the water coming from
the thawing of the frozen gravels and rains, so the pumps run
intermittently.
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FROZEN GROUND

In many placer deposits frozen ground governs to some extent
the method of mining and is a factor that affects cost. Were it
not for the frozen condition of most of the deep ground, drift min-
ing could be employed only at excessive cost for timbering and
pumping. There are two kinds of frost, permanent and seasonal.

No permanently frozen ground is found along the Pacific littoral.
In southwestern Alaska, back from the coast, permanent frost is
seldom met, except in a few isolated areas of deep ground mantled
with moss and thick overburden. East and north of the Alaska
Range in the Yukon and Kuskokwim Basins and on the Seward
Peninsula, most of the deposits are permanently frozen, especially
where covered with moss and muck. The ground may be solidly
frozen to bedrock and some places are known where this condition
extends to depths of 400 or more feet. The shallower creek de-
posits up to 10 feet or so deep, especially those which are mostly
gravel and have no covering of moss and muck, are usually free of
permanent frost. The beds of the larger watercourses are generally
unfrozen, although there may be irregular frozen patches, but the
ground in the flats adjacent to such streams is in many places
solidly frozen. The gravel benches along the valley walls and the
deep creek placers often develop, through drainage, thawed areas
which may form more or less defined streaks or channels or may be
irregular. Such drainage may be natural, or, as on some of the
creeks, subsequent mining has created drainage resulting in the
thawing of much gravel. Tt is not uncommon to find thawed
gravel overlain by frozen muck or overburden. Although the rule
1s not infallible, thawed areas are generally found underlying heavy
growths of willows, particularly on the Seward Peninsula.

The occurrence and depth of seasonal frost vary with local
climate and conditions. In areas underlain by permanently frozen
ground and covered with sod or moss the seasonal freezing affects
only a few feet of the surface. Under other conditions the frost
penetrates 2 to 10 feet or more each winter. This frozen blanket
thaws slowly and when mined often breaks off in large slabs which
are troublesome to handle and are a handicap to dredging during at
least the earlier part of the season.

COMPOSITION OF FROZEN GROUND

The composition and the physical characteristics of muck and
frozen gravel vary, but under average conditions muck contains
25 to 40 per cent organic matter, fine silt, and sand, and 60 to 75
per cent ice. The average frozen gravel contains 10 to 20 per cent
ice, although some gravel containing a large percentage of voids
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may contain more ice, and some of the finer or tightly packed gravels
may contain less than 5 per cent. In some instances the voids are
partly filled with minute crystals of ice; this condition is known as
“dry frost.”

PROPERTIES OF FROZEN GROUND

The physical properties of frozen muck are described by McCar-
thy,® as follows:

Frozen muck is a frozen substance having the following physical character-
istics: Color, gray to black; composed of organic matter, particles of sand
and silt, cemented by ice. In hardness it may be likened to a soft sandstone.
The temperature of the frozen muck varies between 19 and 24° F., or 8
to 13° below the freezing point. The average physical characteristics are
as follows:

Specific gravity______ e 1.392
Specific heat—________________________ ___  ______________ .192
Weight of 1 cubic foot_____________________ pounds._. 87
Weight of solids in 1 cubic foot____________ ____ do____ 49.33
Volume of solids in 1 cubic foot_______________ per cent__ 31.9

The figures are taken from a number of experiments made in 1912 by
engineers in the employ of the Yukon Gold Co.

The weight of the frozen gravel per cubic foot has been found from the
average of a number of experiments to be 137.3 pounds, of which 17.4 pounds
is ice and 119.9 pounds solid. The temperature varies between 18 and 22°
F., averaging 19°. At one place, where it was possible to get a read-
ing 38 feet below the surface, a temperature of 2° F. was recorded. The
temperature of the frozen bedrock varies between 8 and 14°, averaging
111%° F.

Payne ** made an extended study of frozen ground in the Klon-
dike in 1912 for the Yukon Gold Co. From his tests of 46 samples
he has drawn the following averages:

Physical properties of frozen materials

Black | Gravel
sandand| and Bedrock
muck sand
Specific gravity, frozen_. . ___ 1. 401 2.189 2. 590
Specific gravity, thawed and dry 2,411 2. 691 2. 655
Specific heat, frozen . 196 172 183
Per cent ice, frozen ground:
By volume. ... ... 6S.2 29.1 9.6
By welght . 44.7 16,0 4,26
Per cent solids, frozen ground:
Bywvolume . _____ 31.8 70.9 90. 4
By weight__..___ 55.3 84.0 95.74
Per cent voids, frozen. . I 0 1,28 0
Per cent voids, thawed____.___ .. __.______. 6.1 3.97 1.65
Pounds ice per cubic foot frozen ground.____ 39.11 22.0 6. 96
Pounds solids per cubic foot frozen ground 48.39 115. 50 154. 94

# McCarthy, E. E.. “ Stripping frozen gravel in the.Yukon”: Min, Mag. (London), vol.
10. April, 1914, p. 289.

* Payne, H. M., “Development and problem of the Yukon: Trans. Canadian Min.
Inst., vol. 16, 1913, pp. 228-240.
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The results of 27 tests of temperatures by Payne showed the
temperature of bedrock to range from 2 to 14° F., with an average of
9° F.; of gravel, from 17 to 22° F., average 19°; black muck, from
17 to 24° F., average 20°; and sandy muck, from 19 to 24° F.,
average 21°. He states these show that the mean temperature de-
pends solely upon the nature of the material and not on its depth,
the depth of frost line or the water level, or the presence or absence
of muck overburden.

Gibson # states that the temperature of perpetually frozen ground
on Seward Peninsula, as far as known, remains nearly constant
around 28° F., except close to the surface, where the temperature is
affected by the atmospheric heat or cold during the summer or
winter months, or in immediate proximity to subterranean water
channels or thawed ground.

PRELIMINARY WORK
STRIPPING OVERBURDEN

In Alaska the gold-bearing gravels are usually covered with moss
or sod and a barren or low-grade overburden of muck, sand, gravel,
or similar material. In permanently frozen ground this foot or
two of moss or sod acts as an impervious and insulating blanket to
the material underneath. Except where the deposit is drift mined or
thawed by artificial means, this blanket must be removed before the
overburden will thaw; for a similar reason this overburden must be
removed to expose the underlying gravels. If this material is re-
moved a season or two in advance of actual mining, the frozen
gravels will, under certain favorable conditions, thaw naturally.

Where an appreciable depth of barren or very low-grade over-
burden exists, it is generally customary and good practice first to
remove as much of it as is consistent with the conditions and the
available facilities before actual mining and sluicing of the gravels
are started, not for the possible purpose of thawing alone, but because
this overburden can generally be handled thus more cheaply than by
putting it through the sluice boxes; such action may also be necessary
in connection with the tailing disposal, or in keeping such material
as clay and roots from passing through the sluice boxes.

Many Alaska placers are of too low grade to be mined at a profit
unless this overburden can first be removed at comparatively low
cost. Stripping reduces the volume of material to be handled later
by more expensive methods, and the gold content of the deposit is
not disturbed. These important features deserve consideration
when a placer deposit is being studied, and the stripping operation

2 Gibson, A., “ Thawing frozen ground for placer mining; steam thawing”: Min, and
Sci. Press, Jan. 17, 1914, p. 143.
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should be considered in preparing the ground for mining, much the
same as at porphyry-copper, coal, phosphate, and other deposits in
the United States.

LIMITING FACTORS

The removal of overburden from extensive areas is seldom feasible
under normai conditions, because the water supply is inadequate
during the greater part of the season and the creek gradients are
low. The depth of overburden to be removed ranges from a few
feet to more than 60 feet. Stripping can not be carried below the
creek gradient unless the use of an elevator is practical. The water
supply at most placers does not suffice for simultaneous stripping
and mining. The area that can be stripped, therefore, often limits
the volume of ground that can be mined during the season. Over-
burden is ordinarily removed during the spring high-water periods
or late in the fall after the regular mining has been completed.

HANDLING STRIPPED OVERBURDEN

After the moss or sod blanket has been removed the muck thaws
quickly on exposure to the air and the action of water, and when
free of heavy material can be readily transported over grades of
less than one-half of 1 per cent. As most muck is, however, mixed
or interbedded with heavier material, such as sand, gravel, clay,
roots, or buried timber, grades of less than 2 per cent generally do
not permit economical stripping. The duty of water in stripping
naturally depends on many conditions but will range from about 3
to 15 cubic yards per 24-hour miner’s inch, although 6 to 8 cubic
yards is generally the maximum under average conditions.

When the ground has been mined before and the surface is covered
with sand and heavy gravel tailing, stripping becomes more com-
plicated and expensive, requiring water under high pressure and
special facilities for handling the material.

Moss or sod is best removed during the summer or fall after it is
free of frost and should be disposed of so it can not get into the
cuts. It is removed by hand methods, plow and drag or scraper, with
steam scrapers, or by water under pressure.

STRIPPING METHODS

One of the most satisfactory methods for stripping overburden
and that in most general use at the larger mines is to conduct the
creek or ditch water to the highest point, whence it is distributed in
a series of cross or longitudinal ditches in the muck, placed 10 to 25
feet apart. The water is then turned into them and quickly thaws
and cuts a channel through the muck and carries the material to the
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main drain and to the creek (see fig. 10). The best results follow if
the drain is straightened to procure the maximum grade and if
curves which retard the velocity are avoided. Efficiency is increased
by using water under pressure to keep the cuts clear of caved ma-
terial and removing the material as it thaws (see fig. 11). Con-

FicrRE 10.—Ground sluicing muck overburden

tinuous application of water under pressure on frozen ground is in-
efficient practice, for such water performs its principal work in re-
moving material as it is thawed by the air and sun. This work
should, therefore, be so planned that nozzling is done at periods best
suiting the rate of thawing, which generally ranges from three to

Fiavee 11.—Hydraulle stripping of overburden ahcad of dredging

six hours. The frozen ridges or high muck banks are sometimes
blasted with slow powder to hasten removal.

At smaller placers, especially where a long narrow area is to be
ground sluiced, the entire creek may be turned into a single longi-
tudinal cut; when it has cut as deep and as wide as conditions will
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permit, the water is diverted by small temporary wing dams and
shear boards to undercut and cave the banks. This process is slow,
as the frozen banks do not cave readily, and when they do they
break off in large chunks often troublesome to handle.

Where the water supply is too small for efficient continuous use it
is impounded and released at intervals by hand or automatically
operated gates. The sudden rush or booming of the water down
the cut greatly increases its carrying power.

STRIPPING ON CANDLE CREEK

One of the largest stripping projects in Alaska is conducted by
the Kuskokwim Dredging Co. on Candle Creek (fig. 1, 20), in the
upper Kuskokwim region. The gold-bearing gravels now mined
here are covered with 30 to 60 feet of frozen overburden, which
must be removed before dredging can proceed. Most of this over-
burden is yellow and gray muck, of which the lower 6 to 12 feet is
tough blue-clay gumbo which is very difficult to disintegrate. Strip-
ping has been kept well in advance, and an area about 400 feet
wide and over 2,000 feet long has been stripped to the gravel. The
creek gradient is 2 per cent. The sod and moss blanket is cut with
sod knives and removed by hand at a cost of 1 cent per square
foot. Trenches are plowed at right angles to the main drain and
spaced 20 feet apart.

In the early spring, for a period generally of about six weeks when
the maximum water supply is available, the water from the main
ditch and near-by streams is turned into these trenches. Heavy rains
not only increase the water supply but are also of additional help in
thawing and washing down the muck faces. The water quickly cuts to
the tough clay, which is little affected by it. This clay has to be
blasted and then further disintegrated and removed with difficulty
by two giants with 3-inch nozzles under 100-foot head. The frozen
ridges of muck are removed by the giants. Buried timbers, roots,
and old beaver dams, unless removed as soon as possible, clog and
dam the cuts and main drain. The limited supply of water permits
the use of only one giant during the greater part of the season, yet
with a crew of 10 men as much as 300,000 cubic yards of overburden
have been stripped during a particularly favorable season. The
average cost of stripping is 10 cents per cubic yard.

STRIPPING ON GOLDSTREAM CREEK

On Goldstream Creek in the Fairbanks district (fig. 1, 33) the sod
in many places is removed with a Bagley scraper (fig. 12). The maxi-
mum gradient here is about 3 per cent, and water conditions are un-
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favorable for hydraulicking. Several mines pump the water for
stripping, using their steam equipment. At one mine 8 feet, or 24,500
cubic yards, of frozen muck were removed in 70 ten-hour shifts;
about 1,800 gallons of pumped water were used per minute through
an 11-inch canvas hose with 4-inch nozzle, at a cost of 10 cents per
cubic yard. At another placer 7 feet of muck, or 10,000 cubic yards,
were removed in 60 ten-hour shifts with pumped water at a cost of 19
cents per cubic yard; powder was used for blasting the muck. A
near-by operation used water from a ditch at 80-foot head through
two giants with 2-inch nozzles. In 21 ten-hour shifts four men
stripped a depth of 5 feet of muck, or 22,000 cubic yards, at a cost of
5 cents per cubic yard.

Ficure 12.—Bagley scraper operation on Goldstream Creek, Falrbanks district

STRIPPING ON WILLOW CREEK

In the Iditarod district (fig. 1, 2/) on Willow Creek three men in
20 shifts stripped sod from an area of 130,000 square feet with
two 2l4-inch nozzles under 100-foot head, at a cost of one-half cent
per square foot. In the spring, with surface water and water under
pressure, a depth of 13 feet of muck, or 67,400 cubic yards, was
stripped at a cost of 4 cents per square foot. The cost of stripping
the full depth—14 feet—was 9 cents per cubic yard.

STRIPPING ON EAGLE AND MAMMOTH CREEKS

On Eagle Creek in the Circle district (fig. 1, 37) 6 to 8 feet of soil,
sand, and tailing are stripped well ahead of hydraulic mining by
piping it to either side of the narrow valley to keep it from passing
through the sluice boxes. On Mammoth Creek 2 to 5 feet of moss,
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muck, and gravel are stripped well ahead of the dredge mainly for
thawing purposes. The cost of stripping at these two places is
9 to 15 cents per cubic yard.

STRIPPING IN THE KLONDIKE

In the Klondike, Yukon Territory, where exceptionally abundant
water supplies are available and the stream grades are 1 to 2 per
cent, extensive stripping has been done. Here the North West.
Corporation (Ltd.), using 5,600 miner’s inches of water, stripped
3,307,670 cubic yards of muck from 1911 to 1914, inclusive, at a
cost of 2 to 8 cents per cubic yard.*® Some large-scale experiments
in stripping were also conducted by the Yukon Gold Co., the results
of which are commented on by McCarthy,*” as follows:

During the seasons of 1906, 1907, and 1909 the Yukon Gold Co. conducted
some large-scale experiments with the removal of muck overburden. The
tests were conducted at three different points on Bonanza Creek, where every
convenience was at hand. Two 5-inch giants under 400-foot head were used
at one point, and an additional supply of 3.000 miner’s inches was avail-
able on Bonanza Creek after it had been used in the liydraulic mines. No
trouble was experienced in getting rid of the muck in favorable localities, but
the solid matter was deposited a short distance from the operation and had
to be driven along. The serious drawbacks were that nothing could be done
with the areas that were covered with a tailing of sand and gravel on top of
the muck, within the limits of reasonable expense. As the cross ditches cut
down to the base level, they lost grade and more and more hand labor had to
be employed. Buried roots and stumps had to be cut out by hand at great
expense. I have endeavored to show that the stripping alone had its serious
difficulties, and that it can not be accomplished with the ease and cheapness
to be inferred from recent articles on this subject. ’

Under average conditions sod and moss when free of frost are
stripped at a cost of 15 to 2 cents per square foot. They have been
removed by hydraulic methods for as low as 14 cent, and costs range
from that up to 1 cent per square foot. At the larger operations the
cost should not exceed 14 cent. By hand methods the cost will range
from 14 to as much as 314 cents per square foot. One man on the
average will strip and remove 1,000 to 1,200 square feet of moss per
day.

For short periods and under favorable conditions, with a large
water supply, frozen muck has been stripped as cheaply as 2 cents
per cubic yard, but under average conditions a cost of 5 to 10
cents per cubic yard can be considered reasonable. The average cost
of stripping is 10 cents per cubic yard; where conditions are unfav-
orable or where much gravel is removed, as in some of the ground
sluicing, costs of 20 to 35 cents per cubic yard are not rare.

2 Department of the Interior, The Yukon Territory. Ottawa, 1916, p. 76.
7 McCarthy, E. E., “ Stripping frozen gravel in the Yukon”: Min, Mag. (London), vol,
10, April, 1914, p. 292,
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THAWING FROZEN GRAVEL *®

Frozen gravel and bedrock must be thawed before they can be
excavated or sluiced. The thawing is accomplished by the use ot
hot rocks, wood fires, natural agencies, steam, hot water, or water
at natural temperature. The method used depends on the character,
depth, and position of the placer, and the resources available.

The methods of thawing in drift mines are described under “ Drift
mining,” so the following statement applies chiefly to thawing from
the surface ahead of open-cut mining and dredging. It has been
stated that ground may be wholly or partly frozen. In partly
frozen deposits there are naturally thawed channels or irregular
thawed spots or patches, or one or more horizontal strata may be
naturally thawed with frozen beds above or beneath them. At the
larger and more systematic dredging projects the areas to be mined
are prospected for frost by driving long steel bars from the surface
to bedrock or by sinking drill holes. Colored maps are then made to
show the outline of the frozen, thawed, and partly thawed areas.
The generally irregular occurrence of such areas makes these maps
resemble crazy quilts, but they show that the thawed areas are almost
invariably connected to a thawed bedrock channel.

HEAT REQUIRED TO THAW FROZEN GRAVELS

The physical characteristics of muck, gravel, and bedrock, and
the amount of ice present are most variable, but as an example, to
illustrate the amount of heat necessary to thaw 1 cubic yard of
frozen gravel, it will be assumed that the frozen gravel weighs
3,500 pounds per cubic yard containing 425 pounds of ice, and the
temperature is 20° F. It is desired to heat this gravel from 20 to
36° F., or 4° above the freezing point, to assure complete thawing.
The specific heat or the coefficient of thermal capacity for the solids
is taken as 0.2, that for ice 0.5, and for water 1.0. The latent heat of
fusion of ice is taken at 144 B. t. u. per cubic yard. Then—

B.t. u.

3,075 pounds of solids raised 16°, from 20 to 36°, 3,075X16X0.2________ 9, 840
425 pounds of ice raised 12°, from 20 to 32°, 425 X12X0.5______ 2, 550
425 pounds of ice at 32° raised to water at 32°, 425 X144 _______ 61, 200
425 pounds of water raised 4°, from 32 to 36°, 425X 4X1.0______ 1, 700

Total heat required for the ice_._______ — e 65,450

Total heat required per cubic¢ yard of gravel . ________________ 75, 290

This result corresponds very closely to the average British thermal
units required at the Yukon Gold Co. operations in the Yukon Ter-
ritory. The example clearly shows the comparatively small amount

% See also Janin, Charles, Recent Progress in the Thawing of Frozen Ground in Placer
Mining : Tech. Paper 309, Bureau of Mines, 1922, 34 pp.
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of heat required for the solids (13 per cent) and the large amount
required (81.3 per cent) to change the ice at 32° to water at 32°.

Taking the fuel value of crude oil at 18,000 B. t. u., bituminous
coal at 12,000 B. t. u., and lignite and dry spruce wood at 8,000
B. t. u, and assuming the efficiency of the boiler and distributing
plant to be 50 per cent, there will be required to thaw 1 cubic yard
of this frozen gravel 8.365 pounds of crude oil, 12.55 pounds of bi-
tuminous coal, and 18.82 pounds of lignite or dry spruce wood.
When water at natural temperatures is used through points, the cal-
culation involves different conditions. Accurate data are lacking as
to the efliciency obtained from water so used and the range of tem-
perature through which the water is most efficient. To continue the
example, it will be considered that water after dropping to 36° F.
is no longer efficient and, with the initial temperature of the water
at 50° F., the range of temperature is 14°; or 1 pound of water be-
tween 36 to 50° contains 14 B. t. u. of heat, which at 70 per cent
efficiency is reduced to 9.8 B. t. u. Under these conditions 7,684
pounds, or 921 gallons, of this water will be required to thaw 1 cubic
yard of frozen gravel.

THAWING WITH HOT ROCKS AND WO00D FIRES

Thawing with hot rocks is no longer practiced. The rocks were
heated in a fire at the surface and dropped to the bottom of the shaft
or piled against the frozen face in the drifts and covered with sheet-
iron or steel plates to concentrate the heat. The heat from the
rocks can be controlled more easily than that from wood fires and so
obviates much of the sloughing of the sides or roof.

Thawing with wood fires is only a temporary expedient. The use
of wood fires at a few very small drift mines in some of the more
isolated interior districts is briefly described under * Drift mining.”
Wood fires are also sometimes used to thaw small areas of river-bar
placers which are frozen during the winter, or at a few of the open-
cut mines where it may be more practical to thaw some occasional
small frozen spot that is troublesome. In thawing from the surface
with wood fires an area is stripped of ice or any material that can be
removed. Kindling is placed, over which is piled dry wood. Green
wood or brush is placed over this and all is covered with sheets of
iron or steel to concentrate and conserve the heat. The fire is ignited
and burns slowly. During the winter only as much ground is
thawed as can be excavated before it freezes again, while during the
open season this feature needs no consideration. The size and shape
of fires and the rate of thawing vary with the conditions. One fire
containing about 11 cords of wood thawed to a depth of 18
inches, thawing 6 cubic yards of gravel.
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THAWING BY NATURAL MEANS OR EXPOSURE TO THE ELEMENTS

The method of thawing with natural agencies, sometimes called
“solar thawing,” involves utilization of the heat from the air and the
sun. The moss or sod blanket must first be removed and any muck
or other frozen overburden stripped off according to the methods
described under “ Stripping overburden.”

Where steam-scraper, shoveling-in, and similar open-cut methods
of mining are followed and the thawed material is removed from time
to time, depths of 6 inches to.1 foot or more may thaw daily.
Gravel that is undisturbed and is without drainage is especially
slow to thaw and ordinarily thaws only to depths of 2 to 4 feet
during the season. Where there is natural drainage along bedrock,
or bedrock drains are opened to permit the water from the thawing
gravels to seep down into them and flow away, the rate of thawing
is greatly increased and the thawing during a season will continue
to depths of 8 to 12 feet or even more. Natural thawing has been
successfully done in a small way where the gravels were not more
than 15 feet deep and where bedrock drainage was established.
After the gravels have once been stripped they will again freeze to
depths of 2 to 10 feet each winter, which may be to bedrock. As
seasonal frost handicaps most open-cut mines and all dredging,
particularly during the earlier part of the season, it is usually
necessary to thaw some gravel by steam when work begins each
year.

Some large dredging companies in the Yukon Territory have
stripped on a large scale and then experimented with natural thaw-
ing. Even where the gravels, which ranged from 15 to 25 feet in
depth, had been stripped several seasons ahead they were found to
be incompletely thawed when dredged, and the lower gravels and
bedrock were still frozen, except those connected to a thawed bed-
rock channel.

McCarthy,* commenting on experiments by the Yukon Gold Co.,
states:

The experiments of the Yukon Gold Co. above described were sufficient to
demonstrate to our satisfaction that the method of stripping and so-called
actual thawing could not be relied upon for any large-scale operation. The
stripping work on claims Nos. 8 and 90 on Bonanza Creek was of no benefit
to the dredging operation. Practically all of the ground had to be thawed by
steam before the dredges could operate. The ground was stripped and exposed
for an average of less than a season before dredging was attempted. On claims
Nos. 78 and 79, opposite Trail Gulch, where main ditch water was used for
stripping, the ground was approximately 50 per cent thawed when reached

by the dredge a season and a half later. On account of incomplete data it is
not possible to say positively how much of the thaw was due to stripping and

2 McCarthy, E. E., “ Stripping frozen gravel in the Yukon "’ : Min. Mag. (London), vol.
10, April, 1914, p. 289,
92405°—27—6
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how much of the ground was naturally thawed previously. It is my opinion,
from the data available, that the proportion of complete thawing due to
stripping was small and altogether disproportionate to the expense of doing
the work., The same comments apply to the work on Nos. 62 and 63 Bonanza.
In this case the stripping was more thorough and the ground was exposed
for an average of over three seasons. The dredge reports show that 50 per
cent of the ground was frozen and had to be thawed by steam.

In general, it can be stated that because of the restrictions imposed
by Alaska conditions the removal of overburden on a scale extensive
enough for dredging on a large scale can seldom be economically
accomplished, nor can the removal always be done cheaply enough
to justify it as a means of thawing by natural agencies alone. This
method, however, holds wider application when its benefits are com-
bined with the object of reducing the deposit to a more practical
mining depth,

Figtre 13.—Driving steam-thawing points ahead of dredge

STEAM THAWING

Until the development of thawing with water at natural tem-
peratures most frozen gravels were thawed with steam applied
through thawing points. Steam under pressure of 100 to 150 pounds
at the boiler is delivered to the main steam line, whence it is dis-
tributed to the various headers or laterals. The main line and
headers are wrapped in asbestos packing or other insulating mate-
rial and incased in wooden boxes packed with sawdust to avoid as
much condensation as possible. At intervals of 5 to 6 feet along the
headers short steam-hose connections are made to the head of the
steam points, or branch lines may be run from the headers to a
battery supplying 4 to 10 or more points (see fig. 13). Each header,
branch, and connection to the points is equipped with a valve.
Boiler plants of 100 to 400 horsepower were required at most single-
dredge placers for thawing alone, and one company that ran eight
large dredges in the Yukon used 2,000 horsepower.
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DESCRIPTI()N OF STEAM-THAWING OUTFIT

The steam points are made of 6 to 24 foot lengths of 34 to 1 inch
extra-heavy hydraulic pipe. Some sections are 40 feet long and
special coupling connections may be used with them. A tool-steel
bit is welded to the lower end of the point and has an opening,
usually three-sixteenths inch in diameter, through which the steam
escapes. A solid standard drop-forged head, which will withstand
heavy blows of a hammer, is welded to the upper end.

There are various kinds of steam points, differing in the type of
drivehead, steam connection, and form of the bit. The squared or
rounded taper point is most generally used, and where bowlders
have to be drilled a chtsel or a cross bit is provided.” With the steam
turned on, a point will quickly thaw its way through the muck to
the gravel without driving. Where the hole starts in gravel, a steel.
bar is generally used to make a hole for starting the steam point.
Short points or starters 6 to 10 feet long are first used ; they are then
removed and the longer points driven through the gravel and into
bedrock.

_ As the gravel must thaw ahead before the point can be driven, two
men can attend to a number of points. In average gravel the points
can be sunk at the rate of about 2 feet per hour. The head of the
steam point is pounded with a heavy hammer, and the point is given
an occasional twist to aid its sinking into the gravel. In coarse
gravel driving the points is difficult. Bowlders must generally be
drilled through, or, if the ground is not too deep, it may be more
practical to withdraw the point and start a new hole. Anvils which
can be attached to the point at a convenient height above the ground
for driving are sometimes used, dispensing with high ladders other-
wise required and also reducing breakage of the points.

SPACING OF POINTS

The points are spaced 4 to 10 feet apart, the distance being gov-
erned mainly by the character and depth of the ground. Usually
the ground is thawed 8 to 48 hours, depending on its character and
depth, the amount of ice present, and the spacing of the points.
After the steam is turned off the ground is “ sweated ” by the retained
heat. The proper spacing, time of thawing, and sweating are most
important factors for efficient and economical work. A steam point
will thaw its largest area at the top of the hole, so that the thawed
part will have a form somewhat similar to an inverted cone; there-
fore frozen “horses” of gravel and bedrock may still remain be-
tween points after thawing ceases. The thawed ground is generally
prospected with a steel bar, and should any unthawed areas be lo-
cated points are driven into them and the thaw completed. Ground
40 feet deep has been steam thawed, but steam thawing of such deep
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ground for dredging has not been very successful. The thawing of
muck by steam is often slow, compared to the thawing of gravel,
as the fine thawed material forms a blanket of low conductivity
around the point. Clay thaws very slowly, and some clays are baked
hard by the steam, making their disintegration in the sluices difficult.

COST OF STEAM THAWING

The cost of steam thawing, in addition to the cost of labor and
fuel, is governed principally by (1) the character and depth of the
deposit, (2) the amount of ice present, (3) the steam loss due to
condensation, (4) the mining method or application, and (5) the
scale of operation. The main item of cost is often the driving of
the points to bedrock. Steam thawing ahead of dredges has been
done for 12 cents per cubic yard, but normally ranges up to 25 cents,
sometimes more.

Costs in Yukon Territory—The Yukon Gold Co.* in the Yukon
Territory from 1909 to 1914 steam thawed 2,259,487 square yards
of frozen ground, or 71.3 per cent of the area worked, averaging 20
to 35 feet in depth, at a cost of $1.43 to $1.77 per square yard, an
average cost of $1.57 per square yard. The total cost of steam
thawing per cubic yard dredged was 12.18 to 17.62 cents, average
14.53 cents; it averaged 46.5 per cent of the total cost of dredging
during this six-year period.

Costs on Otter Creek and Candle C'reek—On Otter Creek in the
Iditarod district a 150-horsepower boiler plant handled 95 points, a
duty of 1.58 horsepower per point. The deposit was all gravel 14
feet deep. Thawing cost 30 to 45 cents per cubic yard. At a near-by
operation a 200-horsepower boiler handled 110 points, a duty of 1.81
horsepower per point. About 100,000 cubic yards of gravel were
thawed here one season at a cost of 33 cents per cubic yard. On
Candle Creek in the Kuskokwim, where less than 50 per cent of the
gravel was frozen, a 100-horsepower boiler plant handled 80 points.
The gravel thawed averaged 15 to 18 feet in depth, the muck and
other overburden having been removed. The points were spaced at
6-foot centers. Twelve cords of wood, costing $10 per cord, were
burned in 24 hours. With 10 men per shift employed on the thaw-
Ing operations, about 100,000 cubic yards were thawed in 1922, at a
cost of 25 cents per cubic yard. On the basis of 50 per cent of the
gravel having to be thawed, this amounts to 1214 cents per cubic yard
dredged. Steam thawing ahead of dredges has now given way to
cold-water thawing, except where steam is used in a small way at
the start of the season, or supplementary to thawing with water at
natural temperature.

“Perry O. B., “ Development of dredging in the Yukon Territory ”: Trans. Canadiaa
Min. Inst., vol. 18, 1915, pp. 26-44,
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THAWING WITH HOT WATER

Hot water instead of steam applied through points has been tried
at different times. The results indicated that the ground could be
thoroughly thawed, but steam thawing was generally considered to
be more effective at that time. Payne®! made a number of experi-
ments with hot-water thawing in the Yukon. He found that with
hot water four times the amount of gravel could be thawed in two-
thirds the time with less than half the fuel necessary when steam
was used. The points could be driven faster and thawing was more
uniform. The great condensation losses that occur with steam and
the possibility of back pressure through the points with consequent
choking by mud, etc., were overcome. Hot-water thawing has not
been adopted, but as it bears a close relationship to thawing with
water at natural temperatures its application and merits can be
gauged through a study of that method.

THAWING WITH WATER AT NATURAL TEMPERATURES*

The value of water as a medium for thawing frozen gravels was
recognized some years ago and was probably first applied through
thawing points in the experiments conducted on hot-water thawing.

Successful application of the method of thawing frozen ground
with water at natural temperatures has made available for dredging
many large areas of so-called low-grade ground that have been con-
sidered unimportant economically.

MILES METHOD

Two methods of thawing with water at natural temperatures have
been developed and are in use. One known as the Pierce method
will be discussed later. The method of J. H. Miles® has been
generally adopted by the dredging companies. The Miles method
involves the use of water under pressure, delivered to the ground
through thawing points. As the water leaves the points which are
driven into bedrock or close to the bottom of a frozen stratum, it
thaws and loosens the ground around the point. It is an interesting
fact that as thawing proceeds and the cylinder of thawed ground
enlarges, the water, instead of returning alongside the point, works
its way to the outer edge of the thrawed cylinder, circulating upward
along its frozen rim.. Experiments by Miles and others show

31 Payne, H. M., “ The development and problem of the Yukon' : Trans. Canadian Min,
Inst., vol. 16, 1913, p. 237.

% See also Janin, Charles, Recent Progress in the Thawing of Frozen Gravel in Placer:
Mining : Tech. Paper 309, Burcau of Mines, 1922, 39 pp.

33 United States Patent No. 1339036 was graunted Mr. Miles on May 4, 1920. After his
death these rights were purchased by the Hammon Consolidated Goldfields Co., operating
at Nome. This company has not announced any definite policy concerning the use of
the method by others,
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that the cylinder thawed by the water in the gravel has its great-
est diameter around the outlet of the point, so that thawing is
most thorough at bedrock, the place where it is most required.
Thawed channels and strata may, however, be encountered or de-
veloped, and water seeking the easiest line of flow will follow such
courses. Water from one point may then work its way to other
points before rising to the surface or may escape by underground
channels, leaving intervening spots or “horses” of frozen ground
which the water has not been able to reach during the average period
of thawing. Such unthawed areas require the placing of additional
points.

Distribution and pressure of water—Water for thawing is de-
livered under pressure from the ditch or pump or both to the main
pipe line, then to one or more branches or manifolds. From these
manifolds it is conducted through the various headers or other
branches and delivered to the points through hose connections.
Each branch and point connection has a valve to control the flow
of the water. The size of the pipe lines, headers, and other equip-
ment is governed by the amount of water required. The spacing of
the headers and their division is governed by the spacing of the
points. The pressure of the water at the points is generally 20 to
80 pounds per square inch and is usually governed by the available
head. The loss in friction due to many bends and angles, and the use
of small pipe is large. It has been found that in average gravel high
pressure is a necessary aid to driving the points, as this will eliminate
much of the trouble caused by their plugging; it will more readily
force thawed material away from the point and establish better cir-
culation of the water. Miles reported better success in driving with
60 pounds pressure than with 40 pounds. High pressure may, how-
ever, cause the points to be forced up the hole and away from bed-
rock. After the points are once set the pressure is regulated ac-
cording to what is considered most efficient.

Temperature and source of woater supply.—Water at 32° F.—
the freezing point—contains no available heat units for thawing,
and as most of the water at natural temperatures in Alaska will
be near this point, or 4 to 8° above freezing during the spring and
fall months, there are practically only three months, June, July,
and August, and probably a part of September, when the tempera-
ture will be 50° F. or over. During cold seasons the water tem-
peratures may not average over 40°, while during others tempera-
tures of 65 to 70° have been recorded over short periods. The tem-
perature of the water at night may be 6 to 10° lower than during
the day. The most efficient and practical results are generally ob-
tained when the temperature of the water on returning to the
surface is not below 36 or 38°. Some operators have found this



PRELIMINARY WORK 79

limit to be higher, but in practice it will be governed by the avail-
able initial temperature and the water supply. From 8 to 15° of
the water temperature is generally all the heat that can be efficiently
removed. Wide, flat ditches or shallow reservoirs on south slopes
will warm the water supply appreciably. Water supply from ditches
may be found inadequate or unreliable for thawing, and the cost
of obtaining a ditch supply may be too great to permit economical
thawing. Where fuel can be obtained at reasonable cost, pumping
may be the most practical means of providing the entire water sup-
ply. Pumping is also used to supplement the ditch supply. Where
pumping is employed less water would be required, as it could be
used again, in which case thawing would be hastened if the water
were warmed.

Figure 14.—Water thawing ahead of dredges at Nome

Amount of water needed.—The amoynt of water required depends
on many conditions. At Nome, where the ground is being thawed
to 60 feet in depth, from 1 to 134 miner’s inches of ditch water
are used per point, under pressures of 30 to 80 pounds. At one
operation 1,000 gallons of water were pumped per minute under
1714 pounds of pressure to supply 100 points. The Yukon Gold Co.
pumped about 3,500 gallons per minute for 1,000 points.

Driving thawing points—The thawing points are made of extra-
strong pipe 1% to 1 inch in diameter. These may be fitted with the
standard steel drivehead; then they are similar to the regulation
steam points. Where anvil attachments are used for driving, no
drivehead is necessary, the upper end of the point being fitted with
a bent pipe or “gooseneck” for water connection (fig. 14). The



80 PLACER-MINING METHODS AND COSTS IN ALASKA

lower end of the point gemerally has a steel bit with 35 to
1% inch opening. In difficult ground a chisel or a cross bit
is used for drilling bowlders. In easy-driving, shallow ground a T
fitting is used, with a light steel plug at the top for driving and
a nipple connection at the side for the water-hose connection. A
plain open-end point is often used in ground where driving is com-
paratively easy. However, this form of point plugs easily. Several
different forms of bits have recently been developed with a view to
avoiding plugging. One has a pointed tip, tapering to a broad
shoulder. The water is discharged through two holes set opposite
each other and pointing downward at an angle. Deep flutes
from the holes run out to the shoulder. During driving this shoulder
deflects the material, keeping the holes clear. On Fairbanks Creek,
1%4-inch water pipe equipped with a head made of a T fitting and
similar to the steam sweater is used, and no unusual difficulty is
experienced in driving them to bedrock, although heavier points are
often required. Thawing points are usually 10 to 20 feet long.
Where greater lengths are required, several are joined, special fitted
shoulder joints, threads, and sleeves being used.

Water thaws more slowly than steam, and two men can generally
look after twice as many water points as steam points. As the
ground ahead of a bit must be thawed before the point can be driven,
the men work from one point to the other, driving each as far as it
will go at that time. Depending on ground and water temperatures,
two men can drive 10 to 25 and more points. Under average condi-
tions a point can be driven 3/ to 114 feet per hour, and when the
water is unusually warm a rate equal to that for driving with steam
has been realized. In some light and shallow ground the points can
sometimes be set with very little driving, whereas hard driving is
generally necessary in deep deposits or heavy gravel. At several
operations where heavy driving is necessary a slotted anvil weigh-
ing 60 to 80 pounds is keyed on the thawing point at a convenient
height. It is fitted with handles inserted on opposite sides for turn-
ing the point back and forth while it is being worked down (fig. 15).
The head of this anvil is pounded with an 8 or 12 pound hammer.
Driving points to bedrock, especially in bowldery gravel, is often
slow, and sometimes bedrock can not be reached. There are certain
localities on the Third Beach line at Nome where the deposit is 60
feet and more deep and the bedrock is overlain by slabby bowlders.
The best method so far developed is to drill holes during the winter
with a churn drill and insert the points. The drilling expense is,
however, a noteworthy item against low-cost thawing, although the
method is cheaper and more practical than driving points in this
kind of ground by usual practice. Machine drills with jointed steel
were tried but were unsuccessful.
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The points are generally set in triangular relation to each other
and spaced 8 to 16 feet apart. At Nome, where churn-drill holes
are used, they are spaced 32 feet apart, and additional points may be
set halfway between them, following ordinary procedure.

The thawing scope of a point when set in equilateral triangular
relation is generally considered to be a hexagonal prism, the long
radius of which is one-half the distance between points. Thus, with
16-foot spacing there would be four times as much ground thawed
per point as when the spacing is 8 feet. Spacing, therefore, has a

Fieure 15.—Driving water-thawing points with anvil attach-
ment, at Nome

most important bearing on the cost of thawing, especially where
driving the points is difficult.

Time required for thawings—The time required to complete a
thaw is governed mainly by the temperature of the water, the spac-
ing, and the character of the deposit. Although no definite time
can be stated, under average conditions thawing has been com-
pleted with 8-foot spacing in 4 to 8 days, with 10-foot spacing in 8 to
12 days, and 16-foot spacing in 10 to 14 days. Some thawing of the
deep ground at Nome, where the churn-drill holes were spaced 32
feet apart, required 10 to 12 weeks. During a period of maximum
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water temperature thawing has been completed in about half the
time required with average temperatures.

Results of water thawing.—The water boiling up to the surface
of the ground makes the ground very soggy underfoot, and as the
thaw continues and is completed the ground subsides, the subsidence
depending upon the amount of ice that was present and the charac-
ter of the ground. This point should be considered in estimating
the volume of material to be dug by the dredge. In some instances,
if much muck overburden is present, the volume is reduced 25 per
cent or more by thawing. The subsidence of ground often causes
trouble by breaking the pipe lines. The question as to whether
ground that has been thawed will freeze again has often been asked.
Operators state that permanent frost is gone for good after the
ground has once been thoroughly thawed, and that only the seasonal
frost returns. If the moss and muck overburden is not removed,
this seasonal frost seldom goes deeper than 2 to 5 feet. The shal-
lower gravels which have been stripped of overburden may, however,
again freeze to bedrock during the winter. Gravel thawed by water
will dig and sluice more readily than that thawed by natural or
steam methods, especially when clay is present, as water aids in
softening and disintegrating it.

WORK IN IDITAROD DISTRICT

The Riley Investment Co. on Otter Creek in the Iditarod district
(fig. 1, 21), after several years of experimental work, in 1923 in-
stalled a 700-point water thawing plant and is successfully thawing
ahead of a 314-cubic foot dredge, which will dig about 1,500 cubic
vards, or about 3,000 square feet, of bedrock a day. The creek
deposit is medium-size gravel with only a few bowlders. Some clay
is present with the gravel, and the slate bedrock is overlain with
sticky clay derived from its decomposition. Most of the gravel is
covered with 1 to 2 feet of sod, moss, or overburden; there is practi-
cally no muck. The average depth of the deposit as dredged is 15
feet. Approximately 50 per cent of the deposit is frozen to bed-
rock; there are thawed channels and patches, which are first located
by driving steel bars to bedrock.

Description of equipment.—Water for thawing is obtained from a
4-mile ditch that follows the north slope of the hill. The flow ranges
from 150 to 400 miner’s inches. From the penstock to the Y there are
1,800 feet of pipe line 16 to 12 inches in diameter. This line is then di-
vided into two 9-inch branches connecting with the two 9-inch mani-
folds. Each manifold is 300 feet long and is tapped every 10 feet on
both sides with connections opposite each other for 3-inch fittings to
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which the headers are connected. This connection consists of a nipple,
valve, nipple, and union to 40 feet of 3-inch pipe, followed by 40 feet
of 214-inch pipe, then 20 feet of 2-inch pipe, making each header 100
feet long. Usually only every other header connection is used, so
they would be spaced every 20 feet along the manifold. Each side of
the headers is tapped every 10 feet, but offset to provide a connection
every 5 feet and at the end for 34-inch fittings and a valve, making
connections for 21 points on each header (see fig. 16). With this ar-
rangement the thawing points are spaced 10 feet between rows and
10 feet apart along the rows, each row being offset 5 feet so that the
holes are placed at the corners of isosceles triangles.

A regulation 16-foot, solid-head, 34-inch point of the steam type,
with square tapered bit with 34-inch opening, is driven in stages to
bedrock while water is turned on under full pressure. The point is

Ficure 16.—Thawing with water on Otter Creek, Iditarod district

then removed and a “sweater ” inserted. In certain areas the sweater
can be driven to bedrock without this preliminary procedure. These
sweaters are 16 feet long, made of 14-inch extra-strong pipe, and
used with the full opening at the bottom. The lower 4 or 5 inches
are casehardened. The head is fitted with a 34-inch T to which is
fitted 1-inch four-ply water hose. These sweaters are not driven
hard, so a 34-inch plug at the top suffices for a drivehead. The equip-
ment contains 100 points and 700 of these sweaters.

Speed of operation and pressure—Under the present system eight
men in two 10-hour shifts will drive to bedrock about 40 points and set
the sweaters and have the thawing under way for an area of 4,000

_square feet. One man is allotted the driving of 21 points, which has
been found to be about the average number for efficient work. The
average time required to complete a thaw is 10 to 12 days, although
during periods of higher water temperatures a thaw has been com-
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pleted in four to five days. Pressures taken when the plant was in
full operation were as follows: At Y on main pipe line, 32 pounds per
square inch; on 9-inch line, upper end, at first header connection, 29
pounds; on 9-inch line, lower end, at last header connection, 24
pounds; at extreme end of headers, 19 to 23 pounds. No pressures
were taken at end of points.

Temperature of water—Temperatures taken of the water at the
penstock during the 1923 season, up to July 7, ranged from 36° to
68° F.; the dallv averages were 40° to 60°. On July 6 the highest
was recorded as 68° and 69° at the headers. The temperature of the
water at night is much lower than during the day; differences of
6° to 8° have been recorded between 9 a. m. and 2 p. m. of an average
summer day. In 1922 the temperature of the water averaged between
42° and 44°; 50° was the highest recorded. The coldest water used
was in 1922, when the average temperature of some water used from
another dltch was 36°. Under ordinary conditions' in summer the
water entering the ground was generally 10° to 12° warmer than that
returning. When the temperature of the water was only 42° to 44°
on entering, this difference dropped to about 6°, and there were many
times at lower temperatures when only 2° could be utilized. Ac-
cording to the manager, H. Donnelly, more heat units are removed
from the water at the start than after thawing has been under way
awhile. There were no noticeable differences in the results with
1, or 34 inch points. In the spring steam is used to thaw the sur-
face frost ahead of the dredge to get under way.

Cost of thawing with water in Iditarod district.—The cost of thaw-
ing with water at this placer during a long period can not be defi-
nitely stated. The following is, however, the average daily labor
cost from which a close approximation can be drawn. Wages are
on a 10-hour basis and include board at $3 a day.

Average daily labor cost

8 point men, at $9________________ $72. 00
1 day foreman, at $12_______________ ___________________ 12. 00
1 night foreman, at $10________________________________ 10. 00
1 ditchman,at$9_____________________ 9. 00
Half time of blacksmith and helper______________________ 10. 50

Total daily cost oo ___ . 113. 50

From June 22 to July 2, 1923, or 10 days, the above crew set 391
points, and 39,100 square feet, 15 feet deep (21,722 cubic yards), were
thawed at a labor and repair cost of 3 cents per square foot, or 514
cents per cubic yard. Steam-thawing costs were formerly 35 to 45
cents per cubic yard. In view of the preparatory work, delays, and
other factors it seems safe to say that 7 cents per cubic yard should
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cover the operating cost. Approximately $10,000 is invested in the
thawing equipment, exclusive of the ditch line, which remains from
former work.

. COST OF THAWING WITH WATER AT NATURAL TEMPERATURES

The cost of thawing with water at natural temperatures is gov-
erned chiefly by the cost of the water and the character of the
ground. The latter affects mainly the cost of driving the points
and the amount of water required. Therefore, for low thawing
costs, an ample and cheap supply of water under pressure must be
available and the deposit must permit easy driving of the points.
The operating costs depend upon local conditions and the scale of
the operation, and normally range from 7 to 15 cents per cubic yard.
It was at one time estimated that in the Nome district water thaw-
ing on a large scale could be done for 4 cents or less per cubic
yard where large water supplies are available under pressure from
ditches already constructed. This low cost is still a long way from
realization. Using pumped water and having a large amount of
power already available, the Yukon Gold Co. thawed with water
at natural temperatures at an operating cost of 10 to 14 cents per
cubic yard. On Fairbanks Creek thawing was done with an erratic,
small water supply from a ditch for 10 to 12 cents per cubic yard.
As only part of the ground dredged may require thawing, the cost of
thawing per cubic yard dredged may be proportionately less.

PIERCE METHOD

The Pierce method of thawing with water under natural tem-
peratures involves natural or solar thawing, supplemented by the
thawing action of water applied to the surface. The lowest point of
bedrock within the area to be thawed is first determined by prospect-
ing with a steel bar or by other means. At this place a shaft about
5 feet square is sunk well into bedrock. A series of shafts or a trench
may be used. This shaft or trench is tightly timbered to within a
few feet of the bottom and is also extended above the surface of the
ground to keep out surface water; the purpose is to permit water
to enter the shaft or trench only from the bottom. Some coarse
gravel is thrown in around the sides and at the bottom to keep the
fine material from filling in. Water under natural flow, usually from
the creek, is then allowed to run over the area; it must be run to the
extreme edges of the block of ground to be thawed, as thawing will
not be accomplished beyond the outer limits of such water. The
water seeps into the gravel as it thaws and drains to the shaft or
trench, whence it is pumped from time to time to establish circula-
tion and drainage. Where natural conditions answer for similar
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drainage purposes, the shaft and pumping are unnecessary. As the
gravel thaws the water level lowers until the thaw is completed to
and into bedrock. Where the gravel is covered with muck, thawing
points are driven to the gravel and water is applied to the gravel
only; the muck presumably is thawed by natural means. Where
beds of clay or other impervious material are interstratified with
the gravel, similar use of thawing points would be required to thaw
them and to deliver the water below such beds.

Operations on Candle Creek—Pierce writes as follows on thaw-
ing conducted by this method on Candle Creek in the Fairhaven
district (fig. 1, &) :3¢

In our operations last summer we found on August 4 (the day we started
to pump from the shaft) that the seasonal thaw had reached to a depth of 3%
feet * * * On August 6 the frost line had moved downward to contour
line ¥ (about 1 foot deeper). On August 18 (the day we stopped pumping)
the frost line had moved downward through the entire area to be thawed, pass-
ing through and thawing a layer of muck, till it had reached and thawed into
bedrock. The entire area, 790 feet upstream and 235 feet downstream from
the shaft, with an average width of 60 feet (average depth 9 feet), had been
completely thawed in a period of 15 days, with an actual pumping time of 80
hours. This ground was dredged during the same summer and no horses of
frost were encountered. The ground thawed well and evenly. The cost per

cubic yard to thaw this ground was 1.4 cents per yard, not including any
overhead or equipment charges.

A 214-inch rotary pump with a rated discharge of 250 gallons of
water per minute driven by a 4-horsepower Cushman gasoline engine
was used for pumping.

Operations on Otter Creek.—This method was tried in 1922 on
Otter Creek on a block of frozen gravel 40,000 feet square and
15 feet deep. After 37 days the thawing had penetrated 5 to 9 feet.
The temperature of the water pumped from the shaft was always 32°
F. (Probably not enough was pumped.) As thawing was too slow
and time to complete the thaw was not available, the experiment was
abandoned. The management thought that the experiment would
have been successful had more time been available. The character
of the deposit and conditions on Otter Creek have been described.

Operations on Seward Peninsula—Small blocks of shallow grav-
els have been successfully thawed by the Pierce method at certain
workings on Seward Peninsula. Where conditions favor thawing by
this method, costs should be low. These principles, applied where
natural or solar thawing is practiced, would surely improve that
method of thawing. A combination of the principles of the Pierce
and Miles methods seems to be a most feasible way of overcoming
some difficulties encountered and perhaps reducing the cost of thaw-
ing at some operations where the Miles method alone is used.

# Plerce, E. B., “ Cold-water thawing of frozen gravels” : Min. and Sci, Press, vol. 124,
Feb. 4, 1922, pp. 154-156.
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MINING METHODS
OPEN-CUT MINING

Open-cut mining as discussed here embraces all forms of placer
mining where the entire deposit is worked from the surface down,
except hydraulic mining and dredging, which are considered under
separate headings. The simplest forms of open-cut mining use
manual labor almost entirely and are now restricted to small work-
ings. At the larger mines machinery excavates and transports
gravel to the sluices. The overburden may be removed by stripping,
often by some form of hydraulicking.

Only a few of the many methods of open-cut mining formerly
used in Alaska are now employed. Mining by means of derricks,
horse-drawn scrapers, track-and-incline systems, and similar méth-
ods has largely been discarded. Cumbersome, immobile excavat-
ing machinery, with belt conveyers, bucket elevators, etc., proved
impractical and too costly for use under Alaska conditions. Steam-
shovel mining generally failed, especially when handicapped with
the additional cost of steam thawing the frozen gravels. The steam
shovel is an efficient digging machine, and although it can handle
heavier material than other mechanical excavators it lacks im-
portant features necessary for efficient placer mining. Mechanical
excavators for open-cut placer mining should possess mobility, a
relatively large digging radius, and the ability to dump their load
directly to the sluices. Most intermediate conveying systems can
not keep pace with the excavating machine; the additional cost for
such equipment plus the cost of operation generally prohibit their
use on the lower-grade gravels. Although all mechanical excavators
have their limitations, the drag-line and the cableway types fulfill
most of the requirements and when employed under suitable condi-
tions can be successfully operated with less labor, power, and main-
tenance than the bottomless type of steam scraper.

Manual methods, such as beach mining, ground sluicing with
shoveling in, and booming with shoveling in, are becoming obsolete
in many districts but are still popular with small mines. Such
methods require little capital and are often the most practical for
mining small areas where the water supply is small or intermittent.

The depth of deposit that can be mined by open-cut methods is
governed principally by the depth of overburden that can be removed
by stripping. Mechanical excavation in open-cut placer mining is
generally limited by Alaska conditions to gravels not exceeding 8
or 10 feet in depth. One great advantage of open-cut mining is that
it permits natural thawing of shallow exposed gravels after the
overburden has been removed.
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MANUAL METHODS

BEACH MINING

Sea-beach mining was at its height during the early days follow-
ing the discovery of gold on the beaches at Nome, Lituya Bay, Yaka-
. taga, Kodiak (fig. 1, 7, 51, 62, and 54), and elsewhere. The richer
deposits were soon exhausted by hand methods, and repeated at-
tempts to work beach sands on a larger scale with mechanical equip-
ment failed. This mining is practiced intermittently, usually aiter a
storm when the high surf washes the overburden of beach material,
leaving a new concentration of the heavier black or ruby sands
containing gold. These concentrates are washed in rockers, long
toms, surf washers, or small sluices. On the Nome beach small pros-
pect holes are dug to locate the ruby-sand concentrates, which are
usually covered with a foot or more of barren sand and gravel. This

FI1GURE 17.—Beach mjning with long tom at Nome

overburden is shoveled away, and the 2 to 3 inch depth of concentrate
is shoveled into buckets or wheelbarrows and transported to the
washing device.

Long toms—The long tom is a small sluice box with a grizzly or
screen at the head for removing the coarser material. For saving
fine gold the box is set at a high gradient, 3 to 4 inches to the foot,
and the screened material is passed over riffles and amalgam plates.
The plates are protected from scouring with 14-inch screen or
punched plate. The water for sluicing is usually bailed with a large
dipper (see fig. 17). :

Surf washers.—The surf washer can only be used when the surf is
of proper height. It is somewhat similar to the long tom but wider
and shorter. The incoming surf rushes up the sluices, washes ma-
terial from the hopper, and on retreating carries it over the riffles and
plates (see fig. 18). The average duty per man per 10 hours for
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long tom and rocker work is 3 to 5 cubic yards. One man can
attend to two surf washers, and in one instance 8 cubic yards per
10 hours were handled.

GROUND SLUICING

Stripping by ground sluicing has been discussed in a previous
chapter. Ground sluicing as a mining method, however, removes
much of the gravel, leaving the balance to be mined usually by shovel-
ing in or some similar method and is best adapted to shallow gravels,
usually not over 10 feet deep, which contain coarse gold, and to richer
gravel deposits overlain with muck or other light material that can
be cheaply removed. In order to ground sluice gravel successfully,
steeper grades are necessary than for removal of the light overburden.
The most favorable conditions for ground sluicing are on the benches
and the upper reaches of the creeks. At several bench placers that
have exceptionally good dumping facilities and favorable grades but

IMGURE 18.—Beach mining with surf washers at Nome

water supplies that are usually small, gravel faces as high as 80
feet are being ground sluiced; and on the creeks numerous deposits
ranging from a few feet up to more than 20 feet in depth, half of this
being overburden, are successfully handled by ground sluicing.

For sluicing creek deposits a dam with gates and spillways and
a flume or ditch for by-passing excess water are constructed across
the creek just above the ground to be worked. When ground
sluicing is to be followed by shoveling in, the first cut is made
along one side of the pay channel, and all the water is confined to
this cut, which is 12 to 16 feet wide and 100 to as much as 1,000
feet long. The overburden, and as much gravel as it is practical
to remove, are sluiced through this cut, concentrating the gold in
the remaining gravel. When bowlders accumulate, they are stacked
by hand beside the cut. Where the grade and other condtions per-
mit, and where the bedrock is rough and slabby and so affords a

92405°—27 7
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natural riffle, the sluicing may be carried to bedrock. Under average
conditions, however, 1 to 4 feet of gravel may remain to be shoveled
into the sluice boxes (see fig. 19) or excavated by other means.
Usually only one cut is ground sluiced and shoveled-in at a time;
this is done by one to four men, and often only one cut is completed
in a season.

Ground sluicing is usually done when advantage can be taken of
spring floods; the rest of the season is spent in shoveling-in. After
the first cut has been completed the water is deflected against the bank
by shear boards and wing dams, and another parallel cut is ground
sluiced : one dam thus answers for the entire width of the channel.
At some mines, particularly those working bench deposits, water from

Fi6URE 19.—Shoveling into boxes below automatic dam, Rampart district

a ditch is allowed to run over the banks, washing down material
which is then carried onward by an additional supply of water.

BOOMING

In the interior districts the water supply at most placer mines
is small during all or the greater part of the season. Then the
water is impounded back of the dam or in the ditch, and on being
released at intervals by hand-operated or automatic gates rushes or
booms down the cut, carrying the material with it. When water is
so used for ground sluicing, the operation is known as “ booming.”

Swinging gates—Different types of automatic or self-dumping
gates are in use, the swinging type being most common. The heavy
wooden gate swings outward on a horizontal pivot that is set one-
third the height of the gate from the bottom. When the water
rises to more than two-thirds the height of the gate, the latter is
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automatically released by an ingenious device, and when the reservoir
is nearly empty the gate returns to its closed position. The heavy
jarring, however, may cause the dam and gate to leak. This is
partly overcome by making the timbered section of the dam on each
side of the gate independent of the main structure, filling these
section with clay and cushioning the gate seat with strips of canvas.

Automatic swing gates are usually 4 to 10 feet wide. At some
mines one or two small, light gates 2 to 4 feef wide and generally
built into the side of the ditch are used. These gates are horizon-
tally pivoted at the bottom and controlled by a counterbalanced
weight. Canvas is nailed to the gate and to the sides and bottom
of the chute to make it water-tight. This canvas acts like a bellows
when the gate opens and closes. When a gate is released, it usually
sounds an alarm to warn the men in the pit.

Fiourr 20,—Automatic gate, box type, Rampart district

Box gates—The box gate, which works vertically in guides and
has special releasing devices, is also used. Since the action of the
gate is more gradual, there is no undue strain on the dam. As the
box rises the water runs out through the bottom and on returning
to position the box slips over a cushioned shoulder that forms a
tight connection (see fig. 20).

SHOVELING IN

Shoveling in as adapted to rich placer gravel not over 6 or 8 feet
deep, but as such deposits are now rare in Alaska it is generally re-
stricted to the shallow gravels remaining after ground sluicing or
booming. The method is simple and permits careful cleaning of
bedrock. The dam at the head of the pit is necessary in creek de-
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posits to keep out excess water; seepage water is handled by open
or by small inclosed drains. For favorable conditions the bedrock
grade should be steeper than the required sluice grade, and means
should be available for the natural disposal of tailing.

The sluice boxes are usually 12 to 14 inches wide, in telescoping
sections, with pole riffles. Where the bedrock grade is not adequate,
they are mounted on low trestles or posts and braced to bedrock or the
sides of the cut. The usual grade used is 6 inches to the 12-foot box,
although more is preferred. A long string of tailing boxes is
usually required to provide more dump room. The bottoms are lined
with an extra thickness of board or light sheet iron or steel and set
at a lower grade than the regular sluice boxes, usually 414 to
5 inches. Water is conducted through a flume directly from the dam
to the head of the boxes or through canvas flume hose or pipe. The
width of cut most practical for shoveling directly into the sluice
is 6 feet on either side, which has established the practical unit of
the “box length” or an area 12 feet wide and the length of one
box (12 feet). Only the lighter material is shoveled in; the larger
rocks, about 5 inches or over, are piled on cleaned bedrock. From
1 to 8 feet of bedrock may be taken up and if it is hard or creviced
much pick work is required.

The duty of shoveling in varies chiefly with the character of
the gravel and bedrock, the height of lift, and the shoveler’s effi-
ciency. The maximum practicable lift in shoveling gravel is 6 to
8 feet. Where the gravel and bedrock must be picked and many
bowlders thrown out, and where bedrock is difficult to clean, the
duty becomes low. Under Alaska conditions one man will shovel
from 214 to as much as 10 cubic yards in 10 hours with lifts of 3
to 7 feet, and the depth of material shoveled is usually 1 to 5 feet.
An average day’s work for a shoveler in the interior districts during
the boom days was considered to be 7 to 8 cubic yards.

COSTS OF GROUND SLUICING AND BOOMING

Ground sluicing and booming are very closely allied at most small
placers. The cost of ground sluicing and booming is 15 to 35 cents
per cubic yard, as a rule, although under the most favorable con-
ditions costs have been as low as 7 cents. Ground sluicing or boom-
ing, followed by shoveling in, involves an average expenditure of
$350 to $1,500 in equipment, exclusive of ditches. The average
dam equipped with an automatic gate costs $250 to $500. Some
miners, in estimating their costs, add $1 to $2 per day for each man
employed, for depreciation of equipment.

The cost of shoveling in is variable, ranging from $1.25 to as
much as $4 per cubic yard. In easily dug gravel, when other con-
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ditions are favorable, as at one mine on Seward Peninsula, the cost
of shovelng in was $1 per cubic yard. In the Hot Springs district
a 50 by 500 foot cut was boomed of frozen muck and a few feet of
gravel to a depth of 25 feet at a cost of 7 cents per cubic yard.
Shoveling in 214 feet of gravel and bedrock cost $2.30 per cubic yard.
The combined cost was 30 cents per cubic yard.

Costs in Rampart district—On Little Minook Creek in the Ram-
part district (fig. 1, 37) 18 feet of muck and gravel was boomed from
a 12 by 600 foot cut at a cost of 18 cents per cubic yard. Two feet of
gravel and bedrock, which required much picking and throwing out
of half as bowlders, was handled at a cost of $2.20 per cubic yard.
The combined cost was 88 cents per cubic yard. This was the fourth
cut and cost much less than the first. One mile down the creek a
booming operation taking out the first cut 1,000 feet long and 12 feet
wide removed 714 feet of muck and gravel for 22 cents per cubic yard
and shoveled in 2 feet of material, 60 per cent being bowlders, at a
cost of $2.80. The combined cost was 77 cents per ciubic yard.

Costs in Ruby district—On Greenstone Creek, in the Ruby dis-
trict (fig. 1, 28), sod was stripped by hand and the muck and gravel
ground sluiced off to a depth of 6 feet in a pit 60 by 200 feet for
38 cents per cubic yard; 2 feet of material were shoveled in for
$1.65; the combined cost was 70 cents per cubic yard. On the same
creek, but in a bench deposit with steeper grade, a 10-foot depth of
muck and gravel was ground sluiced for 26 cents per cubic yard, and
1 foot of material was shoveled in for $2.56. The combined cost was
47 cents per cubic yard. The estimate of $12 per man per eight-hour
shift used there is considered as covering depreciation. In other lo-
calities combined costs for ground sluicing and shoveling in range
from 25 cents to $1 per cubic yard.

SELF-DUMPING CARRIERS

The method of shoveling the gravel into wheelbarrows and wheel-
ing it to a bucket which is hoisted up an inclined cableway and
automatically dumps into the sluices is still in use at a few small
mines in the interior district. The requisite conditions are similar
to those for ground slucing and shoveling in, but by this method
the gravel is conveyed from the pit to a place where adequate grade
for the sluices and enough dump room can be obtained. The pits
worked are not over 150 feet in greatest dimension, as 75 feet is
generally the practical limit of wheeling distance to the centrally
placed bucket station. The bucket rests in a timber crib, its top
level with the bedrock. The shoveler spends one-fourth to one-third
of his time wheeling, and to the cost of wheeling must be added the
cost of fuel, the hoist man’s wages, and the wear and tear on
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equipment. From this it would seem cheaper to shovel the gravel-
directly into sluice boxes. However, use of the bucket and carrier
permits a wider pit and speeds up the work, particularly for easily
shoveled gravel and unfavorable sluicing conditions.

The self-dumping bucket and carrier, steam hoist, and other equip-
ment used in this method are similar to those used at small drift
mines. The buckets hold two to five wheelbarrow loads, and the
steam hoists are of 5 to 15 horsepower. At three operations noted a
high shoveling and wheeling duty of 7 to 9 cubic yards was obtained.
The cost exclusive of ground sluicing ranged from $1.75 to $2.50 per
cubic yard for handling 2 to 5 foot depths of gravel and bedrock.

Costs of typical operations.—At one property on Ophir Creek in
the Innoko district (fig. 1, 22) 22 feet of cover (18 feet of frozen
muck and 4 feet of gravel) were stripped at a cost of 16 cents per
cubic yard, then 5 feet of gravel and bedrock were mined by self-
dumping carrier for $1.75 per cubic yard. The combined cost for
the 27 feet was 42 cents per cubic yard. At an adjoining operation
a similar method was being started; there were 35 feet of frozen
muck and 6 feet of gravel, and the operators estimated mining would
cost 50 cents a cubic yard.

On Chatham Creek in the Fairbanks district (fig. 1, 33) 10 feet of
overburden were ground sluiced at a cost of 16 cents per cubic yard,
and 4 feet of gravel and bedrock were handled by bucket carrier for
$1.25 per cubic yard. The combined cost for the 14-foot depth was
48 cents per cubic yard.

MECHANICAL METHODS
STEAM SCRAPERS

Until recently steam scrapers were used by a large number of
placer operators in the interior districts, but only a comparatively
few are now active. Profitable scraper operation is diminishing
through depletion of the available areas or is being replaced by less
costly methods, mainly dredging. Small drag scrapers and wheel
scrapers, which were of light construction and difficult to handle
under power, were replaced by heavy scrapers of the bottomless or
Bagley type and the slip-toothed type. Bottomless scrapers are
more efficient, but slip scrapers are still being used at a few small
mines. Both types are also used for stacking tailing at some hy-
draulic mines where the water supply is inadequate.

Steam scrapers are adapted to mining comparatively large areas
of shallow gravel without large bowlders where the bedrock is not
hard or irregular and the grade necessitates lifting the gravel for
sluicing. The gravel should not be frozen, and the pit should be
free of water. For mining thawing ground the Bagley scraper has
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a decided advantage over other mechanical devices; the scraper can
be readily shifted and the material removed in shallow cuts as it
thaws naturally. Usually the overburden is removed the season be-
fore to let the gravel thaw; even then frozen ground may be found
if proper drainage has not been provided. During an average sea-
son thawing ordinarily keeps pace with scraping, varying from 4 to
12 inches a day. A season of much frost and slow thawing greatly
handicaps the scraper.

With steam scrapers as much overburden as practicable is removed
by hydraulicking or other means to reduce the volume of material
to be scraped and transported to the sluices. After the overburden
and any barren top gravel have been removed by the methods de-
scribed under “ Stripping overburden ” there will then remain under
average conditions 4 to 8 feet of pay gravel and 2 to 4 feet of bed-
rock to be put through the sluices. Hard, irregular, or creviced
bedrock can not be cleaned properly with the scraper and requires
some handwork.

The power plant is installed where two or more pits can be
worked ; the preparatory work usually is done in fall or early spring.
Scraping the pay gravel is ordinarily started after spring frosts are
over, or early in June, and continues until the first heavy frosts,
about the latter part of September.

The large power consumption, high labor costs, costly set-up,
excessive cable wear, and repair charges involved in handling com-
paratively small ‘amounts of material make steam-scraper methods
impractical for mining the present average low-grade Alaska gravels.
The use and limitations of the two types of steam scrapers are
described in more detail below.

BAGLEY OR BOTTOMLESS TYPE SCRAPERS

The Bagley or bottomless scraper has a curved back and can be
used with either side down, the edges of the back being fitted with
knives for peeling up the dirt, or with heavy teeth for scraping
heavier gravel or bedrock. The heavy haulback lift attached to the
back of the scraper adds weight to the cutting edge. This haulback
lift stands vertical when the scraper is pulled forward and lies flat
when pulled backward, raising the teeth and cutting edge to permit
the scraper to be handled more readily. As the scraper is pulled for-
ward it scrapes up its load, the back being slightly lifted, and the
whole load is dragged over the top of the ground. The load is
dropped by pulling the scraper backwards. The scraper usually
delivers a full load and can push considerable loose material ahead
of it, making it efficient for “yarding ” or stacking material until
it can be removed from the pit.
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The following table shows the more important details of the
Bagley scraper in the sizes used in Alaska. Larger scrapers have
been used but have not proved satisfactory. By renewing the plates,
teeth, and other parts the scraper has a long life; many have been
used five seasons and more,

Details of Bagley scrapers ®

Size.___._ 3L 4 5
Capacity. 144 134 2%
Price {. 0. b. Seattle:

With teeth and haulback - N $382. 50 $446. 25 $535. 50

Without teeth and haulback $291. 00 $357. 00 $427. 00
Weights:

With teeth and haulback..__. _____________________._. pounds.. 3,100 3,270 4,125

Without teeth and haulback_..___. e do_.._ 2,130 2,180 2,680
Number of teeth______ .. 5 6 7
Engine required (compound-geared). . .. ... oioiiiie aiiieeoas 8Shy 10| 9% by 10 10 by 12
Speed of main line at drum, per minute_______ _...feet__| Upto175| Up to 260 Up to 250
Speed of hauiback lines at drum, per minute do....| Upto350 | Up to 500 Up to 550
Approximate pull on main lineatdrum____..____________‘pounds__ | _..________ 31, 300 37, 400
Size cable recommended for lead .. __ 7% 1 1%
Size cahle recommended for haulback. ... 34 %

s From manufacturer’s catalogue, 1923.

Some mines use whatever equipment is available and may there-
fore have a poorly balanced plant, but as the speed of operation is
governed principally by the scraper engine, the engine should be
ample for all demands. Compound-geared, three-drum, double-
cylinder scraper engines are used. The average pit at the large
operations ranges from 275 by 300 feet to 300 by 400 feet, while at
the smaller ones the pits may be half this size.

Description of Bagley scraper operation.—A typical arrangement
for a Bagley scraper operation is shown in Figure 21. Short masts
and deadmen, securely anchored, spaced 50 to 75 feet apart, are
installed around the edge of the pit for the sheaves and guide
blocks. Two short masts or deadmen are placed one on each side,
in front of the main hoist; they serve as anchors for the main lead
sheaves. A 50 to 60 foot gin pole to carry the sheave for the car
cable is installed back of the sluices in line with the track incline.
All sheaves are of manganese steel. The usual diameters of the main
lead or head sheaves are 30 to 36 inches and for the haulback sheaves
and guide blocks 14 to 18 inches. Cable wear is excessive, due prin-
cipally to abrasion by the sharp sand. The greatest wear is usually
100 feet or more ahead of the scraper, and about the same distance
ahead of the engine, where the cables go over sheaves. Breakage
of the individual wires due to sharp bends over the sheaves seldom
causes undue damage to the cables. Under steady use a set of
cables often lasts only four to six weeks. A high-grade, six-strand,
19-wire steel cable with hemp center is used. By means of two
haulback or tail lines, which are guided from the shifted positions
of the sheaves, the scraper can be dragged to any desired place in the

pit.
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On being pulled ahead the scraper takes a long shallow cut in
filling itself and is then dragged to the underground loading station,
where the teeth engage a timber stop, the load dropping through an
opening into the car below. This car, which is self-dumping, is used
in different sizes, holding 214 to 4 cubic yards of loose material.

S ¢ &
N EETIR

B

Figure 21.—Typical Bagley scraping and loading operation

A, Plan: a, Bagley scraper, 2 cubic yards; b, 1-inch cable; ¢, 3-inch cable;
d, car; e, dump box; f, sluice; g, 1-drum hoist, 814 by 10 inches; h, boiler house ;
i, underground loading station; j, 3-drum hoist, 10 by 12 inches; %, pit about
300 feet square.

B, Section: a, Waste dump; b, incline track; ¢, station; d, depth of cut; e,
gravel bank; f, bedrock.

With each load from the scraper the car is hauled up an incline
track by cable from an auxiliary 6 by 8 or 814 by 10 hoist, and dumps
into the dump box. The use of the car incline and auxiliary hoist,
while requiring additional equipment and the services of an extra
engineer, has proved a saving in fuel and speeds up the scraping. It
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is used to advantage where the material has to be elevated about
40 feet or more above bedrock, or where other conditions may war-
rant. A timber or pole incline up which the scraper is dragged
to the dump box is generally used in the smaller pits or where the
elevation is comparatively low. A loaded scraper and car on the
track incline, a sluice, and general arrangement are shown in Fig-
ures 22 and 23. Figure 12 shows the entire process.

Speed of scraper—Where the material is dumped into the cars,
with average digging conditions and everything running smoothly,
30 to 50 trips of the scraper are made per hour, whereas at certain
smaller mines where the scraper delivers to the sluice this speed
is materially reduced. Speed of operation is, however, governed
by the length of haul, frost, and other conditions, so that the average
number of trips made is much less, for the average yardage scraped
into the boxes ranges from 15 to 40 cubic yards per hour.

Ficure 22.—Bagley scraper delivering load to underground station and car taking
load from underground station to the sluice

Drainage of pit—TFor successful scraper work the pit must be
kept well drained. This is usually accomplished by an open bedrock
drain, but in such localities as the Fairbanks district, where the bed-
rock grade is low and drains are expensive to maintain, a pulsometer
or other type of pump has been found more practical for handling
seepage water. The quantity is generally low, except in heavy rains,
and can be handled by intermittent pumping. At a number of
placers water for sluicing must also be pumped, as this insures a
reliable water supply, and operators say it is probably less expensive
than a ditch.

Examples of Bagley scraper operation—The largest placers with
Bagley plants are adjacent to the railroad on Goldstream and Gil-
more Creeks, in the Fairbanks district (fig. 1, 33). In 1924 five of
these plants were in operation. The total depth of material worked
was 15 to 35 feet, including barren overburden which was removed
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by stripping, leaving 6 to 8 feet of gold-bearing gravel and 2 to 4
feet of bedrock to be scraped. The pits were 80,000 to 120,000
square feet in area. The scrapers had a capacity of 134 to 214 cubic
yards. An average of six to eight men was employed per shift. The
boiler horsepower at four of these plants was 80 to 150, and 3 to
6 cords of wood were consumed per 10-hour shift. The cost of fuel,
at $10 to $12 a cord, and wages of one fireman, at $8.50 per snift,
including board, averaged 4.8 cents per horsepower-hour. On the

Ficune 23.—Bagley scraper operation; car delivering to slulce

basis of 500 cubic yards of material being scraped and sluiced in
two shifts (20 hours) this power cost amounts to 2214 cents per
cubic yard. At one operation with a 180-horsepower boiler 514 tons
of coal, costing $6.25.per ton, were burned per shift; with attend-
ance this cost amounts to 2.4 cents per horsepower-hour. One oper-
ation burned 114 cords of wood per shift for pumping water for
sluicing. _

The cost of scraping and sluicing the gravel and bedrock ranged
from 45 to 90 cents per cubic yard. At one placer where water was
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pumped for sluicing this power cost and sluice attendance was 15
cents per cubic yard. The combined cost of stripping, scraping,
and sluicing was 25 to 50 cents per square foot, or 40 to 60 cents per
cubic yard, for ground 15 to 35 feet deep. The capital invested in
equipment at these mines ranges from $15.000 to about $25,000.
The smaller workings in other districts have $4,000 to $12,000 in-
vested in equipment,

Typical Bagley scraper operation at Fairbanks—Although prac-
tice and conditions differ at different placers, they are well illus-
trated in the following description of a typical large Fairbanks
mine. The average depth of ground mined was about 16 feet. The
5 feet of overburden were hydraulicked off, 3 feet of upper gravel
were scraped to waste, and about 5 feet of gravel and 3 feet of schist
bedrock were scraped and sluiced. The pit was 300 by 400 feet and
was drained by two 2-inch pumps. A 4-foot (134-cubic yard) Bagley
enlarged to hold 2 cubic yards and operated by a 10 by 12 hoist was
used with 1-inch cable for the lead line and 3j4-inch for the haulback
lines. Three sets of cable were required for the season. The mate-
rial was scraped and dumped into the car in the underground sta-
tion and hauled up the track incline by an 8% by 10 inch engine and
dumped into the dump box. Three boilers, totaling 115 horsepower,
produced the power. With favorable conditions the scraper made
35 to 40 trips per hour, although this was often greatly reduced by
frost conditions, so that the average yardage scraped to the car was
about 450 cubic yards par 20-hour day.

The dump box at the head of the sluices is 100 feet long and 4 feet
wide. At the lower end this box narrows to 22 inches, where it is
connected to the 22-inch sluice boxes, 6 to 10 lengths of which are
used. The dump box and sluice are set on a grade of 18 inches to 12
feet and paved with block riffles (see fig. 24). An undercurrent, the
same size as the sluice box and set on a 20-inch grade, is used to
catch fine gold. It consists of a steel plate perforated with 14-inch
holes, placed 3 inches above a burlap surface. As the burlap becomes
covered with mud slime, it is taken up and cleaned every day. About
125 miner’s inches of water from the ditch are used for sluicing. A
dump-box man is kept busy forking out the larger rocks and pre-
venting the sluices from being clogged.

Twelve to fourteen men constitute the average crew for two shifts;
the labor and mess cost is $60 per shift. The boilers burn 4 cords
of wood, costing $12 per cord, per shift. This 16-foot depth of
ground was worked for 35 cents per square foot, or 59 cents per
cubic yard. Detailed costs are not available, but it is estimated that
the cost of scraping and sluicing the 8-foot depth of gravel and bed-
rock was about 25 cents per square foot, or 85 cents per cubic yard.
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The operator stated that this 16-foot depth could be mined for 25
cents per square foot, or 42 cents per cubic yard, if average condi-
tions had existed. The cost of rigging and setting up for one of
these large pits is about $1,000. About $25,000 is invested in the
plant and equipment.

Scraper operation in Iditarod district—On Willow Creek, in the
Iditarod district (fig. 1, 27), Bagley operations were conducted for

Ficuvre 24 —Sluice showing block rififles and special liners; also
hangers for backstop as used for hydraulicking

five years by stripping about 9 feet of overburden by ground
sluicing and scraping 7 feet of gravel and soft slate bedrock into
a car by a 13/-cubic yard scraper, at an average cost of 30 cents
per square foot, or 51 cents per cubic yard. Scraping the 7 feet
of gravel and bedrock cost 65 cents per cubic yard. With eight
or nine men employed, working one shift only, an area of 40,000 to
50,000 square feet was mined in a season. A 60-horsepower boiler
produced the power. No water was pumped. Wood cost $14 per
cord, and 314, cords were burned per shift.
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Scraper operation at Flat Creek—A Flat Creek plant of similar
size, in ground averaging 10 feet in depth with soft slate bedrock
and easy digging conditions, mined 200,000 square feet in a season
at an operating cost of 25 cents per square foot, or 68 cents per
cubic yard. In 1922 the same operator mined a 20-foot depth of
ground from which 12 feet of overburden were stripped and the
balance scraped to a car, at
a cost of 50 cents per square
foot, or 68 cents per cubic
yard.

SLIP SCRAPERS

The operation of slip
scrapers restricts them to
the mining of shallower and
richer deposits. Such scrap-
ers are equipped with a full
bottom, the cutting edge
fitted with heavy teeth, of
which there are generally
five.

A typical arrangement for
mining by slip scraper is
shown in Figure 25. The
pit is kept free of water,
usually by an open bedrock
drain. A two or three drum,
T by 10 or 814 by 10 inches,
double- cyhnder hoist with a
34 to 74 inch lead cable and
one 34 or 84 inch tail or haul-

F1GURE 25.—Typical slip-scraper arrangement : back cable operate the scrap-

a, Gin pole; U, lead sheave; ¢, dump box; d, .

sluice; e, timber incline; f, lead cable; g, er, for which a 40 to 60 horse-

Doiler house; h, 2-drum ho'ist, 874 by 10% power boiler is used. A con-

inches; 4, pit, 150 Dby 250 feet; j, slip .

scraper, % cubic yard; X, haulback cable; 1, tinuous cable SyStem oper-

hau‘lback sh.eave; m, deadmen; n, bedrock ated on a single drum has

drain; o, 1-inch anchor cable .

been used for dragging the
scraper back and forth, but has little to recommend it. Two sizes of
scrapers, holding 34 and 1 cubic yard of loose material, respectively,
are in use. AlthOUOh the scraper must be fully loaded at the back
to keep it from upending, the load delivered to the sluice is often
but one-half to three-fourths its capacity.

To assist the scraper in digging its load, the rear end must be
raised so that the teeth can sink into the gxound. Two men are re-
quired for this, one at each of the poles or long handles which fit
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into sockets at the upper rear corners. When the scraper is loaded,
these poles are withdrawn (fig. 26). The loaded scraper is then
dragged to the far end of the pit and up a timber incline, at the top
of which the teeth engage a timber, upending the scraper and dump-

Ficure 26.—Slip-scraper operation ; scraper has just been loaded

ing its contents into the dump box, where one man is usually re-
quired to see that the scraper empties properly and to look after the
sluicing. The scraper going up the incline and the usual sluicing
arrangement are shown in Figure 27.

FicURE 27.—S8lip scraper traveling up incline to sluices

The scraper is then dragged back and the procedure repeated until
a cut about equal to its own width (4 to 415 feet) and abcut 1 foot
deep and the length of the pit has been completed. The haulback
sheave (fig. 25) is then shifted by hand along the anchor cable shown
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to the position for the adjoining cut. This can be improved by the
use of a long bridle cable extending along the entire lower end of the
pit and the shifting of the sheave, accomplished by cables operated
from the niggerhead or extra drum on the hoist. This sheave can
be anchored and shifted in various ways, but as only one haulback
cable is used, the scraper can not be shifted about the pit as readily
as the Bagley. This fact governs the shape of pits, so that they are
usually about twice as long as wide. The largest pits scraped are
about 300 feet long.

With a haul of 150 to 300 feet, the 34-cubic yard scraper can
make 10 to 30 trips per hour, but under average conditions will
only deliver to the dump box 50 to 125 cubic yards per 10-hour shift.
In difficult digging ground, or in the scraping of bedrock, a heavy
plow is attached to the scraper to loosen the material so the scraper
can pick it up. At the larger operations, where 40,000 to 635,000
square feet of a pit are mined in a season, the crew for each shift
generally consists of an engineer, fireman, dump-box man, two
men in the pit, and one or two roustabouts, while at some of the
smaller operations the crew may be but three or four men.

Slip-scraper operation in Innoko district—In the Innoko dis-
trict (fig. 1, 22) a pit 65,000 square feet in area was mined, a 4-foot
depth of overburden and upper gravel being first removed by ground
sluicing for 14 cents per cubic yard. Four feet of gravel and bed-
rock were then scraped into the boxes in 95 days with a 3/-cubic
yard scraper by a crew of 13 men for 23 cents per square foot, or
$1.55 per cubic yard. Mining the entire depth of 8 feet cost 87
cents per cubic yard. A 40-horsepower boiler, burning 1 cord of
wood per shift, was used. No water was pumped. The capital
invested in the plant, exclusive of the ditch, is about $6,500. In the
same district, in ground 16 feet deep, 10 feet of muck were stripped
for 7 cents per cubic yard; and with a 34-cubic yard scraper 6 feet
of gravel and bedrock were scraped in 74 ten-hour shifts by a crew
of six men, at a cost of 30 cents per square foot, or $1.35 per cubic
yard. The total cost was 32 cents per square foot, or 54 cents per
cubic yard. The pit was 150 by 230 feet in area. A 814 by 10
three-drum hoist with a 50-horsepower boiler was used, about 500
square feet of bedrock being scraped per cord of wood. No water
was pumped. The cost of the equipment is about $7,000.

Slip-scraper operation in the Hot Springs district—In the Hot
Springs district (fig. 1, 30), in ground 11 feet deep, 4 feet of muck
and top gravel were ground sluiced off for 15 cents per cubic yard;
the pit was 290 feet long and 140 feet wide. With a 1-cubic yard
scraper 7 feet of gravel and bedrock, or 10,500 cubic yards, were
scraped in and sluiced in 110 days, at a cost of 35 cents per square
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foot, or $1.32 per cubic yard. Only one 10-hour shift was worked
per day by a crew of seven. Mining the entire 11 feet cost 89 cents
per cubic yard. About 100 miner’s inches of water, supplementing
the small supply from the ditch, were pumped. Two 40-horsepower
boilers were used and burned 4 cords of wood per shift.

CABLEWAY EXCAVATORS

Cableway excavators for placer mining have been little used
in Alaska. One mine was recently worked on Goldstream Creek in
the Fairbanks district (fig. 1, 23). At this placer, as at the several
other places where the excavator was used, conditions adverse to
cheap operation were encountered. Frozen ground and difficult
slabby bedrock were the main handicaps, and, as seepage water and

Lot

Figure 28.—Cableway ecxcavator dumping into sluices

water for the sluices had to be pumped, low costs obviously were
impossible.

Comparison with steam scrapers—Cableway excavators combine
certain advantages of the steam scraper with the added advantage of
conveying, elevating, and automatically dumping the material into
sluices without the use of additional machinery; however, they lack
the mobility of Bagley scrapers and can not handle a pit of as
large an area or of as favorable proportions. They have, however,
the advantages of requiring less power, labor, and equipment and a
lower maintenance cost than steam scrapers operated under similar
conditions. _

Types of cableway excavators—Several types of cableway exca-
vators are on the market, differing mainly in the type of the bucket
and its control. The 34-cubic yard bucket is used in Alaska, al-

92405°—27——8
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though various other sizes are obtainable. The bucket is somewhat
similar to the toothed slip scraper and is attached to the carrier by
a swinging bail. It is shown in Figure 28 with the traveler block
at the stop button and the chains being pulled through a block on
the haulage cable, dumping the bucket. Another type is a combina-
tion affair, the upper side of the bucket being a bottomless scraper.
This bucket is attached to the carrier by flexible chains which over-
come some of the difficulties encountered with a bail connection.

a
b (A
O

Ficure 29.—Sketcn of cableway excavator mining

A, Plan: «, Boiler house; b, 2-drum hoist; e, tension cable; d, load cable; e,
dump box; f, sheave; g, guy cables; &, gin pole; i, former position of j; j, 1-inch
track cable; k, pit 250 feet long; I, sheave; m, 114-inch cable; n, deadmen,

B, Elevation : a, Tension cable and blocks; b, stop; ¢, bucket dumping; d, dump
box ; €, waste; f, track cable; g, load cable; h, track cable; i, bucket-loading trav-
eler block; j, pay gravel; k, anchor; 1, bedrock.

DESCRIPTION OF TYPICAL CABLEWAY SYSTEM

Figure 29 shows a typical cableway excavator at work. The ten-
sion cable operates the tension or fall blocks at the gin pole, tighten-
ing or slackening the track cable. At its lower end the track cable
is shifted by hand along a series of short bridle cables. Starting
with the empty bucket near the top of the incline-track cable, which
is now tight, the haulage cable is released, allowing the carrier and
bucket to travel down the track cable by gravity, saving power.
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When the excavator is over the point of excavation, the tension cable
is released, lowering the track cable, carrier, and bucket into the pit.
The bucket is then pulled forward by the haulage cable and loaded,
and the tension blocks are drawn up, tightening the track cable
and lifting carrier and loaded bucket with it. As the bucket clears
the ground it is pulled forward and up at the time the track cable is
tightening, and is conveyed and discharged into the dump box. The
loaded bucket on its way to the sluices and other details are shown
in Figure 30. Although speed of operation depends on the digging
conditions and length of span, 30 to 40 trips can be made per hour
under average favorable conditions.

As the line of cut is governed by the position of the lower end
of the track cable, the cuts radiate to a common center—the gin-pole
end. This results in a wedge-shaped pit, which is generally two to

Ficure 30.—Cablewsay excavator plant

three times as long as the average width. The pits worked are sel-
dom over 250 to 275 feet long and require a cable span of 325 to 400
feet, Longer spans have been found impractical.

EXAMPLES OF CABLEWAY OPERATION

The stripping of overburden, draining of the pit, and sluicing of
the gravel are done as in steam-scraper mining.

Cableway excavator on Goldstream ('reek—At a mine on Gold-
stream Creek 7 feet of overburden were stripped and 10 feet of
material excavated. Frost in the ground and difficult bedrock, a
hard slabby schist alternating with strata of soft schist, retarded the
work and required men in the pit to attend the bucket, which is
otherwise unnecessary. The pit was 240 feet long, 150 feet wide
at the lower end, and 75 feet wide at the upper. The cable span was
325 feet. Seepage water and water for sluicing had to be pumped.
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The excavator was operated by an 8 by 10 two-drum hoist. One-
inch track cable was used. While this difficult bedrock was being
excavated the excavator made 30 trips per hour, and while it was
working in the thawed gravel it made as many as 40 trips. The
operating conditions were too irregular, however, for obtaining
definite data. Eleven men were engaged for the two 10-hour shifts.

Cableway excavator on T'win Creek—On Twin Creek 8 feet of
gravel and about 2 feet of bedrock were excavated. The lower
part of the gravel contained large angular slide material, and bed-
rock was mainly a blocky hard gneiss. The pit was 325 feet long
and 120 feet wide at one end and 70 feet at the other. A cable
span was 450 feet long; this was found to be too long. A 3j-cubic
yard excavator was operated by a 7 by 10 inch hoist; the 30-horse-
power boiler burned only 1 cord of wood per shift. The lower
end of the track cable was shifted by cable from the hoist. No
water was pumped. Nine men were employed. Excavation required
about 70 days, or averaged about 200 cubic yards a day, the exca-
vator delivering the material faster than the one dump-box man
could handle it, although the digging conditions in general were
most unfavorable.

Cableway excavator on Gold Bottom ('reek—On Gold Bottom
Creek, in the Yukon Territory, a 34-cubic yard combination bucket
was successfully used. The ground was 18 feet deep, wet, but
partly frozen, with large quartz bowlders lying close to bedrock,
which was hard, tight, and slabby. Four feet of overburden were
scraped off, with the scraper side of the bucket used as a bottomless
scraper, piling the material on the sides of the cut. Eleven feet of
gravel were next excavated and dumped to waste. Three feet of
gravel and 1 to 2 feet of bedrock were then excavated and put
through the sluices. The pit was 100 feet wide and 200 feet long.
Working one shift a day the excavating took 56 days. From 30
to 60 trips (40 on an average) were made per hour, or about 200
cubic yards, place measurement, were handled per shift. The crew
consisted of an engineer, a fireman, and one man for general work.
About 34 cord of wood per shift was burned for operating the
excavator.

C'osts—No reliable data on costs for these placers could be ob-
tained, but with favorable conditions the cableway excavator
should do work cheaper than steam scrapers. The excavator with
carrier costs about $1,200. A new complete outfit would cost $7,000
to $10,000, which could be cut about one-half if some secondhand
equipment was used.
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DRAG-LINE EXCAVATORS

The drag-line excavator is a self-contained digging machine
mounted upon skids and rollers or equipped with caterpillar traction.
The bucket is operated from the main engine by cable over a series of
sheaves and hangs from the end of a long boom. The angle at which
this boom sits is readily adjustable, according to the requirements.
By means of a turntable and swinging engine the machine can be ro-
tated horizontally through a complete circle. The toothed drag-line
bucket is lowered into the cut, pulled forward by a haulage cable and
filled and hoisted to the end of the boom ; the machine is then rotated to
the dumping point, and the bucket dumped. The standard sizes of
drag-line excavators are built with booms 40 to 125 feet long and
buckets holding 1 to 4 cubic yards. Although the drag-line excavator
can not dig as heavy material, it has many distinct advantages over
the steam shovel. As it has a wider digging radius fewer moves are
necessary. As it rests on the surface of the ground, it can deliver the
material at a great elevation and dump directly into the sluice, dis-
pensing with any intermediate device for conveyance or elevation.
This feature is important in open-cut mining. The drag line is
well adapted for mining unfrozen gravel with a few large bowlders,
underlain by a comparatively soft, regular bedrock. At work, it
is less mobile than the Bagley scraper but has many advantages over
all types of scrapers and other excavators in speed of operation, low
cost of power, labor, and maintenance. As it can be moved quite
readily, especially when equipped with caterpillars, and quickly set
up, it has a useful place in mining isolated small areas of placer
ground. The bucket is tight and can be used under water, but under
average conditions it would not ¢lean bedrock properly unless the pit
is drained.

Two drag-line excavators and one combination drag-line steam
shovel are operated in Alaska. Other drag-line excavator installa-
tions are under consideration.

DRAG-LINE EXCAVATOR ON WILLOW CREEK

A class 14 Bucyrus drag-line excavator has been operated for
the past six years on a low bench on Willow Creek in the Iditarod
district (fig. 1, 27). It is equipped with a 60-foot boom and 114-
cubic yard Page bucket, which weighs about 3,700 pounds. Power
is produced by a 60-horsepower boiler. This excavator has a
14-foot turntable, and is mounted on skids and rollers. The
deposit consists of about 12 feet of moss-covered muck and 6 feet
of light gravel. Bedrock is a soft slate, the upper portion being
decomposed to a blue sticky clay. The ground is virtually all
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frozen before the muck and upper gravels are removed by ground
sluicing and hydraulicking; the remaining gravel thaws naturally.
From 4 to 5 feet of gravel and about 1 foot of bedrock are handled
by the excavator. The pit has natural drainage.

The average pit is 110 to 120 feet wide and 150 feet long. It
requires five positions of the machine, the center of the machine
being always kept 65 feet, or the dumping reach, from the center
of the sluice hopper. From each position an arc cut 30 to 50 feet
in width is made, and the bucket can be thrown about 18 feet beyond
the digging reach (62 feet) to take out the corners or outlying
areas of the pit. The system of making the various cuts is com-
plicated, for from each position there is an overlapping area which
can be reached. After the area most workable from the position

Figure 31.—Drag-line excavator bucket loading

has been dug, heavy planks are placed on the ground ahead of the
machine, the bucket is thrown out for an anchorage, and the machine
is pulled ahead over rollers to the next position, the move requiring
but a few minutes. Figure 31 shows the bucket being loaded.

The sluice hopper is 14 feet long, 8 feet wide at the bottom, and
6 feet deep; to it is attached a 16-foot length of sluice that widens to
2 feet at the lower end. Both of these rest on a heavy timber
frame mounted on wheels so they can be moved along a wooden
track to the next pit. This track is 8 feet beyond the edge of the
pit and parallels it, the sluice hopper being placed opposite the
center of the pit. The grade of the hopper and following sluice is
20 inches. The remaining sluice boxes, usually about 10 lengths,
are 2 feet wide and are set on timber trestles on a grade of 13 inches.
The riffles are Hungarian manganese cast steel.
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Water supply—An average of about 160 miner’s inches of water
under low head is supplied to the sluices from two ditches. The
dump-box man, using a giant with a 2 to 3 inch nozzle, “ boils ”
out the material as much as possible before it passes out of the
hopper. During periods of low water supply the operation may
be reduced to half time, when the water is impounded and used inter-
mittently for periods of one and one-half to two hours at a time.
The clayey material lying on bedrock is difficult to sluice, and much
of it passes through to the dump in large chunks.

Production and cost of operation—The excavator normally digs
about 60 cubic yards, or 40 buckets, per hour, which must be reduced
during sluicing with a curtailed water supply. The clean-up can be
made, and the machine and boxes moved ahead and set up again in
two shifts. From 15,000 to 20,000 square feet of pit are dug from
one set-up in five to seven shifts. The excavator is operated only
one shift, and the average crew consists of an engineer, a fireman,
a dump-box man, and two roustabouts; the cost of labor and board
for this crew is $57 per day. The boiler burns 134 cords of wood
per 10-hour shift, costing $25. The cost of repairs and replacement
is very low. A royalty of 25 per cent of the gross gold production
is paid for the use of the equipment and the lease of the claims.

From 100,000 to 150,000 square feet of bedrock are mined in a
season, and the excavator operations are limited to the area which
can be ground sluiced. In 1922, a season of good water supply,
130,000 square feet or 67,400 cubic yards of overburden were stripped
at a cost of 4.7 cents per square foot, or 9 cents per cubic yard. In
52 days, working one 10-hour shift. per day with seven men, the
excavator dug 24,100 cubic yards of gravel and bedrock averaging
5 feet in depth. The cost of excavating and sluicing this material
was 28 cents per cubic yard. The combined cost for a total depth of
19 feet, exclusive of royalty, was 11 cents per square foot, or 16 cents
per cubic yard. Costs during previous years are stated to have
fluctuated very little and to compare closely with these.

Suggested improvement.—There are numerous ways of setting
up and operating the excavator, and while the above system has
given good results it could be speeded up and simplified by mount-
ing the entire sluice on a track so that with each move forward of
the excavator the sluices could be pulled along an equal distance.
Caterpillar traction increases mobility and gives other advantages
which may, however, not be justified because of the higher cost.

Drag line—The drag line used at this placer is well adapted
to Alaska conditions. It was a secondhand machine, purchased in
the United States. A machine of its size usually has a 60-foot
boom and a 2-cubic yard bucket and can be obtained to operate
by any kind of power. The steam-operated machine with skids and
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rollers costs $25,250 at the factory and weighs 52 tons packed for
export. With caterpillar traction the cost is about $34,000 and the
weight 88 tons. To adapt this size to a wider range of work,
optional combinations are offered, such as an 80-foot boom using a
114-cubic yard bucket.

DRAG-LINE EXCAVATOR ON NOME AND CARIBOU CREEKS

A locally constructed drag-line excavator was operated on Nome
Creek in the Fairbanks district. It is equipped with an old 6
by 8 hoist, 20-horsepower boiler, timber gantry, 40-foot boom, and
a 15-cubic yard bucket, all mounted on a timber frame. It is moved
over log rollers (fiz. 32). Medinm-size gravel averaging 9 feet

FEENTTIrY

Ficure 32.——Locally constructed drag-line exeavator, Nome Creek, Fairbanks district

in depth and about 3 feet of schist bedrock are excavated, the bucket
dumping into a car which conveys the material up a low incline to
the sluices. Three men are employed, and about 100 cubic yards
are handled in a shift. The cost of operation is stated to be about
50 cents per cubic yard. This machine recently collapsed, and the
operations have been suspended.

A “20B” combination drag-line steam-shovel machine with 34-
cubic yard bucket was recently operated on Caribou Creek in the
Salchaket district (fig. 1, 34). The operation was not visited by
the writer, but it is reported that about 15 feet of overburden and
barren gravel are first stripped with the drag-line attachment. The
lower or pay gravels of about a similar depth are then dug by the
steam shovel, dumped into a self-dumping bucket, and hauled up an
incline cable to the sluices, The cost of such mining must be high,
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as it is impossible to handle such a depth of gravel economically by
this means of excavation and conveyance. The digging radius of
this size of machine is too small, and the intermediate conveyance of
the material to the sluice delays operation and adds greatly to the
cost.

DRIFT MINING

Drift mining is used in mining rich, moderately thick, pay streaks
overlain by a deep barren overburden or one too low grade to justify
removal. In Alaska placers the method is best applied to mining
deep, permanently frozen creek and bench deposits, where the gold
is chiefly found near or in the upper few feet of bedrock, or to min-
ing deep unfrozen bench deposits under conditions that prohibit
mining by other methods.

Drift mining was at one time of great importance to the Nome,
Fairbanks, Hot Springs, Koyukuk, Ruby, Tolovana, and other dis-
tricts, but is now restricted mainly to some small mines in the Yukon-
Tanana Valley or interior districts. Few large blocks of virgin
ground which are adapted to this method remain, and most of the
present drifting is in ground left by former mining, where the
lower-grade pay that was left behind or small isolated blocks and
pillars are being mined. Numerous failures have resulted from re-
opening old ground. New shafts have often been sunk on what was
supposed to be a suitable block of pay gravel only to find on drifting
that much of the gravel had been removed, or was too low grade,
or the quantity of “ pay ” was too small to repay the expense of de-
velopment. Water which could be pumped only at excessive costs may
also be encountered in quantities. Old shafts and workings are
sometimes used in mining small areas that could not otherwise be
worked at a profit.

Under present conditions most drift mines do not follow any defi-
nite system of mining, and with the old equipment used at most
of these mines there is small opportunity for improvement. For-
merly, some large drift mines employed 30 to 50 shovelers under-
ground and mined 100,000 to 200,000 square feet of bedrock per sea-
son. There are now less than a dozen properties where 15 to 20 men
constitute the entire crew, and these seldom mine more than 50,000
square feet of bedrock per season. Numerous small drift mines em-
ploy crews of two to six men. The average mine works one shift per
day and employs 8 to 10 men. These comprise a hoist man, who is
usually also the fireman, a general surface man, and six to eight
miners; such a crew will mine 10,000 to 30,000 square feet of bed-
rock per season.

Most Alaska drift mining has been conducted in frozen deposits
25 to more than 200 feet deep, opened by shaft, and the following
account deals principally with such operations,
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Some frozen deposits 15 to 18 feet deep have been drifted in a
small way, although many of these shallow deposits were better
adapted to mining by other methods. The numerous variations in
past practice have been described by various writers, therefore only
the more representative methods and those of recent development are
described here.

TYPES OF DRIFT MINES

Drift-mining operations can be divided into summer and winter
mines; both are developed in much the same way. At winter mines
the “ pay dirt ” is stored in dumps until water for sluicing becomes
available in the spring. Where the ground is permanently frozen,
winter mining usually requires little or no timbering. In some places
winter is the best time for mining unfrozen ground that is wet dur-
ing the summer, or for mining small patches left in old mines. Re-
thawing and rehandling the material in the spring, before it can
be sluiced, often add decidedly to the cost. Other disadvantages
of winter mining are the tying up of capital through the winter, the
larger steam requirements, and the uncertainties of recovering gold
in sluicing.

Most drift mines are now worked in summer, although some are
active throughout the year. The plant is erected, the shaft sunk,
and all development and preparatory work usually done during the
winter, to have everything in readiness by spring.

EQUIPMENT FOR DRIFT MINES

The equipment used differs widely in size and kind, and its selec-
tion depends largely on the amount and condition of old machinery
that is available and the finances of the operator. Many plants are
equipped with old boilers, hoists, pumps, and other equipment which
has seen many years of service at other mines or was moved from dis-
trict to district after the gold rushes. This old and often worn-out
equipment has low efficiency, but there are few instances where the
installation of new modern equipment for drift mining would now
be justified.

The smaller mine, as a rule, is equipped with a 12 to 30 horse-
power vertical or marine-type boiler, and a 6 by 6 or 7 by 7 inch single-
cylinder vertical hoist. At the larger mines the boilers are mostly
of return-flue type and range from 30 to 60 horsepower, with a 7 by
7 vertical or a 514 by 8 double-cylinder hoist. Larger boilers are
now rare; two or more small ones are used instead. At many mines
working only one shift the thawing of gravel or pumping of water
for sluicing is done after shift, and one small boiler suffices for all
purposes.



MINING METHODS 115

The average outfit contains 10 to 50 steam points, or “sweaters,”
hose and pipes, a self-dumping bucket and carrier, a small mine
pump, cars, wheelbarrows, tools, cable, blocks, blacksmith’s tools,
and sluices, with a small ditch or a pump for pumping water for
sluicing. An outfit that costs $3,500 to more than $10,000 when new
can now be pieced together from old outfits at practically the buyers’
own terms. A complete secondhand 30 to 40 horsepower plant,
which originally cost $7,000 to $10,000, can now often be purchased
for $500 to $2,500. Old ditch lines are also at the service of many
of the present mines.

Most operators neglect to insulate the boilers and steam lines,
although they are aware that insulation will quickly repay the ex-
pense, as evidenced in the smaller fuel consumption of plants where
it is done. Lack of insulation and especially the poor efficiency of
old equipment make steam costs high. The average small drift
mine in the interior districts burns 1% to 114 cords of wood fuel per
shift, costing 214 to 7 cents per boiler horsepower-hour. Near Nome
crude oil was burned in the boilers.

METHODS OF DEVELOPMENT

The methods of opening a placer drift mine, which are quite
similar to those employed in opening flat-vein or bedded deposits,
are governed chiefly by the topography, the character and dimen-
sions of the pay streak, the gold content and its distribution, and the
contour and grade of the bedrock. These features should be deter-
mined by previous prospecting or other work before a block of
ground can be properly opened. The customary practice in Alaska
drift mining involves sinking a shaft, blocking out the ground with
drifts and crosscuts, thawing the gravel and bedrock, mining
and hoisting it to the surface, and conveying it to the sluices where
the gold is recovered. Where topography permits, as on some of
the benches, the placer may be worked through an adit or tunnel.

DEVELOPMENT BY SHAFTS

The shaft is generally sunk at about the center of the area to be
mined, with consideration for the slope of the bedrock. These shafts
are usually 6 by 6 or 7 by 7 feet in the clear. With two men work-
ing in the shaft, 5 to 8 feet per shift can be sunk through muck.
The muck or alluvium is usually thawed before it is excavated, but
frozen muck is also dug with a pick. When thawed, it can practi-
cally be bailed out of the shaft. Frozen gravel is always thawed
before it can be dug. The shaft is continued 6 to 14 feet and more
into the bedrock, depending on bedrock conditions and the system
of mining to be used, in order to provide drainage and room for a
station.
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Timbering shafts—For winter work a shaft seldom requires tim-
bering, except possibly a little cribbing at the surface. For summer
work in solidly frozen ground the first 15 or 25 feet below the
collar may require light crib timbering, with a square-set at the
bottom and a little cribbing above the set. However, in average
ground and especially in the deeper deposits, the shaft is generally
fully timbered. Where available, round spruce poles 3 to 6 inches in
diameter are used for crib timber. The timbers are cut to length,
notched on one side at each end, and placed skin to skin. One cord
of 16-foot poles of the average size used will crib about 8 feet of
shaft. The space between the crib and the frozen ground is then
filled with gravel (moss is generally used in muck), and the filling is
tightly tamped into place. Care and experience are necessary to
place the cribbing properly and tamp the material behind it, and
‘even then thawing of the gravel may cause the cribbing to “ cork-
screw ” or “ jackknife.” The direct pressure on the cribbing is, how-
ever, usually very light. Deep shafts properly timbered have been
brought back in service after more than 15 years with little repair,
while others were retimbered, although the old timbering was still
in alignment.

The bottom of the shaft or station is timbered with a square-set.
The average square-set is made of 10 to 14 inch round timber,
although at some of the deep mines timber 20 to 24 inches in diameter
is sometimes used.

On the Seward Peninsula, where timber must be shipped in,
sawed lumber is used. One 63-foot shaft near Nome, 4 by 4 feet in
the clear, was timbered at the bottom with a square-set, for which
10 by 10 inch posts and 10 by 14 caps were used; above this it was
timbered with 2 by 4 inch lumber, notched and placed one above
the other like well curbing and spiked together. Vertical pieces were
placed in each corner and horizontally braced. This shaft cost
about $500 to sink and about $700 to timber, with lumber costing
$108 per thousand board feet at the mine.

The cost of sinking the average working shaft where little or no
timbering is necessary ranges from $6 to $12 per foot, varying
mainly according to the depth and the character of the deposit.
Shafts fully crib-timbered and with a square-set at the station cost
$10 to $20 per foot, while some deep shafts sunk in difficult ground
may cost $25 or more per foot.

Water in the shaft—In mining solidly frozen ground, water is
produced from thawing of the gravel, or some may seep down the
shaft. The quantity is generally small and can be easily handled
with a 1 or 2 inch single or duplex pump. At most mines only a
few hours pumping each day is required. Steam injectors are suc-
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cessfully used at some mines where the volume of water is small
and the lift is not too great. In some mines, when thawed channels
are encountered or wet unfrozen ground is mined, the amount of
water to be pumped is much larger and may prevent mining.

Shafts on Dome Creek—On Dome Creek in the Fairbanks dis-
trict a 138-foot shaft 7 by 7 feet in the clear was sunk through 115
feet of muck, 15 feet of gravel, and 8 feet of bedrock, with an addi-
tional 6-foot sump below. The muck was picked for 75 feet, two
men in the shaft averaging 6 feet per shift. The remaining muck
and gravel were thawed by the use of nine 9-foot steam points; a
thaw was completed in muck in 10 hours and in 12 hours in gravel.
Average sinking progress in the gravel was 414 feet per shift. The
entire shaft was crib timbered by six men in six days after the crib-
bing was cut. Sixteen cords of poles were used, costing $192; the
square-set in place cost about $100; and wood fuel, $256. The entire
cost of timber, labor, and fuel for the shaft including the sump
was about $2,000, or $14.50 per foot. Three hundred feet of tim-
bered and one hundred feet of untimbered drift cost $8 and $6 per
foot, respectively. The total cost of development, erection of plant,
and all preparatory work was about $6,500.

One of the best records in shaft sinking was made some years ago
at the mouth of Dome Creek, where a 171-foot shaft was sunk with-
out timbering in 21 days (single 10-hour shift), with three men in
the shaft and two on the surface, the thawing being done on the
off shift.

DRIFTING

Where conditions permit, drifts are sometimes driven 300 feet,
but more often 200 feet or less, up and down stream from the bot-
tom of the shaft, depending chiefly on the slope of the bedrock.
Longer distances increase underground transportation costs and may
not allow proper drainage of the workings.

In a wide pay channel drifts may be driven from the shaft in four
directions, but in narrow irregular deposits it is advisable to follow
the pay. Crosscuts are driven at 50 to 100 foot intervals to the
- limits of the pay. Figure 33 shows a longitudinal section of a
typical interior drift mine and Figure 34 a plan of underground
workings and a surface plan. In driving drifts or crosscuts thawing
is sometimes done with one, but usually with two to four, steam
points. Long points may be used, but as the advance averages 6 to
10 feet per shift it is better practice to use shorter points and thaw
only the distance that can be excavated by the shift.

In average frozen ground only a few sets of timber each side of
the shaft are required, but often the entire drift is timbered. Three-
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piece sets of two posts and a cap, spaced 5 to 8 feet apart, are used.
Round 5 to 8 inch timbers and light 2 to 4 inch pole lagging are
generally large enough, for the timbers usually have to support
only gravel which may slough from overhead. Side lagging is
seldom necessary. Where bedrock is soft, mudsills or foot blocks
are used. In some mines “swelling” ground, usually from release
of pressure and wet thawed streaks, causes breakage of timber.
Swelling can be lessened by giving the posts a wider spread at the
base, removing the lower lagging, and picking down material behind
the timber. The average cost of untimbered drifts and crosscuts is
$5 to $8 per linear foot; the cost for timbering is $2 to $4 per foot.

I

F1GURE 34.—Underground and surface arrangement of a drift mine: a, Sluice box;
b, dump box; ¢, gin pole; d, clevated flume: e, pump; f, ditch; g, hoist; h,
boiler : i, rock-filled timber cribs; j, stoped out; %k, prospect drifts; I, main drift;
m, steam points; n, shaft; o, unthawed pillars

MODIFIED LONGWALL METHOD

In a few former Alaska drift mines mining proceeded from the
shaft, but customary practice is to work toward the shaft, using a
modified form of the method that is known in coal mining as “ long-:
wall retreating.” This practice keeps the men away from the
“stoped ” areas and permits waste to be piled behind. While one
face is being thawed another is being excavated.

The height of the working face is governed chiefly by the thickness
of the pay and ranges from 4 to 8 feet but averages 5 to 6 feet,
including 1 to 3 feet of bedrock. Faces smaller than 4 feet are
usually not economical on account of cramped working conditions.
At several mines two or more strata of pay gravel, separated by
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thick barren gravel or muck, were mined separately. In a few
instances a thickness of 20 feet and more has been mined from one
level, but under such conditions some other method would have been
more practical.

Streaks of muck may be intercalated in the gravel being mined
and may slab off in large pieces. These usually come down slowly,
giving ample warning of danger, but unless they are supported may
bury the working faces. Where a fall threatens, a heavy post and
short cap will generally give enough support. When necessary,
pillars of frozen gravel are left or timber cribs or bulkheads 4 to 6
feet square filled with waste gravel are placed 25 to 50 feet apart
along the face. It is the general practice to support the roof for
about 50 feet from the face, but beyond this point the pillars or
timbers in the worked-out areas are drawn and the roof is permitted
to settle.

MINING FROM ADITS

Some drift mining is being done in bench deposits opened by
adit. In frozen ground the development and mining methods are
practically the same as with shafts. The adit is driven on proper
grade, generally in bedrock, to crosscut the pay channel; then drifts
are run in both directions and lateral crosscuts are driven. Mining
from an adit saves hoisting, pumping, and some other shaft
expenses.

In the Nizina and other districts of southwestern Alaska
(fig. 1, 47) some unfrozen bench gravels were mined from adits,
these and the drifts being heavily timbered; the faces also had to
be closely timbered except where the gravel was tightly packed.
Only comparatively small areas were mined from each side of the
adit or main crosscut. In unfrozen wet channels of heavy gravel
square-set timbering may be necessary, as in early drift mining in
the Valdez Creek district (fig. 1, 42).

In loose unfrozen ground close timbering, carried as near the face
as practicable, is required. One of the best systems for handling
this kind of ground is a forepoling system which has been used in
California at the Hidden Treasure and other drift mines.*® Heavy
posts, set on blocks or sills, are placed in a line parallel to the face
and support the caps. Sharpened poles are inserted above the cap
of the set nearest the face and driven along the roof and into the
face as the gravel is removed. When the face has advanced, an-
other set of timber is placed. Where the ground is unusually heavy,
a false or intermediate set is used to guide and support the lagging
until the regular set can be put in. A fuller description of the

% Browne, R. E., “ The ancient river beds of the Forest Hill divide” : California Min,
Bur., 10th Ann, Rept. State Mineralogist, 1890, p. 452,
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method will be found in Bulletin 215.2¢ Bowlders and waste are
piled behind in the “ stoped ” areas to assist in supporting the roof.

REMOVAL OF GRAVEL

At the face the gravel and bedrock are usually picked down and
shoveled into wheelbarrows or cars. Scrapers have been repeatedly
tried, but without success on account of the gravel being too firm
or the bedrock too hard and irregular. Scraping might succeed
where conditions are favorable, but if the face must be picked
down by hand and the scraper used only for conveying the loosened
material to the cars little appears to be gained by such a method.
Picking is arduous work and could not be continued very long but
for the change and relief of shoveling and wheeling. Pneumatic
picks would be a great help in this respect. Blasting the face after
thawing has not proved advantageous where tried but has possibili-
ties. A method of drilling and blasting the face without thawing
and scraping the material to cars has recently been successfully
developed. It will be described later. Hydraulicking underground
has under favorable conditions been successfully applied in some
small mines but has not been adopted because of its limited ap-
plication.

Tightly packed gravel is undercut by hand, usually in the upper
or softer part of the bedrock. The miner then picks down the
“pay dirt ” and shovels it into a wheelbarrow or mine car, throw-
ing the bowlders behind him. If the bedrock floor is rough, shovel-
ing plates may be used to advantage. Wheelbarrows are well
adapted to conditions at the smaller mines, where the drifts are short
and may have sharp turns and an irregular or steep grade. More-
over, wheelbarrows require a minimum of space, hence the drifts
need not be large.

Low-built cars are generally preferred at the larger mines where
systematic development and mining can be done and the grade is
more uniform. At some of the earlier operations at Nome, loaded
cars were run onto the cage and hoisted to the surface. Most of the
larger mines use both wheelbarrows and cars, the loaded wheel-
barrows being wheeled to the main drift, where they are dumped
into a waiting car. With this system the drift must be cut deeper
in the bedrock than is the crosscut, so that the wheelbarrow can be
dumped into the car without being wheeled up a steep grade. Ex-
cept for the few shafts having cages, the dirt is hoisted in buckets
and the loaded bucket is conveyed to the sluices by a carrier cable.

3 Holbrook, E. A., Ageton, R. V., and Tufft, H. E., Timbering of Metal Mines: Bull.
215, Bureau of Mines, 1923, pp. 15-17. .
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The duty per man in picking, shoveling, and wheeling varies with
the individual and his working conditions but may be 75 to 125
wheelbarrow loads per eight-hour shift, or 20 to 40 square feet of
bedrock mined to a height of 5 or 6 feet, the average being about
25 square feet, or 5 cubic yards.

BUCKET HOIST

Several types of shaft buckets are used, but that in most general
use is the Fairbanks self-dumping type made in sizes holding 3 to

I"iguke 33.—Fairbanks self-dumping bucket and carrier

8 wheelbarrow loads. Such a bucket with carrier is shown in Fig-
ure 35. The bucket has a swinging bail and is hoisted by a cable
winding through a sheave on the bail and the sheaves on the car-
rier suspended from the incline-track cable on the surface. A slip
ring, which is attached to the bucket by a chain sling, travels along
the guide or trip cable. On reaching the carrier the bucket en-
gages a catch and is automatically locked to the carrier. Both are
then pulled up the incline-track cable to a point over the dump,
where the ring guide encounters a stop on the trip cable, releasing
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and upsetting the bucket. This procedure is shown in Figures 33
(p. 118) and 36. Returning to the collar of the shaft by gravity,
the carrier strikes a trip and releases the bucket, which is then
lowered down the shaft. Men and all supplies are also carried by
the bucket. At many plants the bucket when hoisting “ dirt ” can
make a complete trip in one minute, which is much faster than the
material is usually delivered.

SLUICING

At the summer mines the material as hoisted is generally sluiced
at once, but the time for sluicing may be regulated by the water
supply. At some mines the small amount of material mined can be
sluiced in a few hours after shift. The sluicing arrangements at
most mines comprise a dump box and sluice boxes set on trestles to
provide the necessary grade and dump: at other mines the dump box

-

FiGUreE 36.—Surface arrangement of a drift mine in interior of Alaska

and head of the sluices are often set up on an old waste dump. The
dump box has a timber apron, or the sides may be built up with
waste to form a chute for guiding the material from the bucket into
the box. The dump box may be 20 to 52 feet long and 214 to 4 feet
wide, set on grades of 12 to 14 inches to 12 feet. The sluice boxes
are 12 to 16 inches wide and are set on grades of 7 to 12 inches, some-
times more if available. Pole riffles set lengthwise are commonly
used and may be shod with strips of iron or steel. Several sets of
such riffles may sometimes be placed crosswise. Undercurrents of
the same width as the sluices, made of punched steel plate placed
several inches above cocoa matting, may be added at the end of the
sluices, but refinements for saving fine gold are often lacking.

At many drift mines clay in the gravel or on the bedrock adds
to the sluicing difficulties and usually causes a loss of gold. The
dump-box man forks out the large rocks, puddles the clay, and tries
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to disintegrate the lumps before the material passes to the sluice.
Most of the gold is usually recovered in the dump box and the first
or second sluice boxes, but much lumpy unwashed clay goes through
the sluices to the dump, carrying some of the gold. The best method
is to store on the dump such clayey material and then cut it up and
wash it well by a small stream of water under pressure before it is
permitted to enter the sluice (fig. 37).

As previously mentioned, water for sluicing is usually obtained
by gravity flow from a ditch, but at many mines it must be lifted
by a pump. Although pumping increases the cost of sluicing, it
provides a steadier water supply and may save costly ditch con-
struction and maintenance. As the season of sluicing is closed dur-

Figree 37.— Sluicing the dump by nozzling

ing hard freezing weather, attempts have been made to sluice during
the winter by pumping warm water, but the added cost and diffi-
culties make this inadvisable. At the average drift mine enough
water for sluicing is generally available from the latter part of
April to the end of September, and the quantity used ranges from
30 to 100 miner’s inches.

The hoisted “ pay dirt ” may be stored in large dumps for sluic-
ing, as for winter dumps; then the sluices are supported on heavy
trestles and covered with boards or poles, and the material is dumped
on top. When water is available, the boards are withdrawn as the
material is caved. shoveled, scraped, or hydraulicked into the boxes.
Unless they are hydraulicked, the winter dumps must be thawed
before they can be sluiced,
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COST OF SLUICING

When the material is comparatively free of clay and a steady sup-
ply of water is available from a ditch line, sluicing costs are compar-
atively small. Under average conditions a dump-box man is neces-
sary: then the cost of sluicing will range from about 15 to 45 cents
per cubic yard, depending on the amount of material handled and
the method used. At one mine in the Ruby district about 30 cubic
yards of clayey gravel are mined per day of one shift. This gravel is
stored on the dump for three days, then one man hydraulics it and
puts it through the sluices in one shift at a cost of 20 cents per cubic
yard. The water for the 1-inch nozzle used is pumped. In the
Fairbanks and other interior districts the average cost for sluicing is
considered by many of the operators to be about 10 per cent of the
cost of drift mining.

THAWING

In the first placer mining in Alaska frozen gravel was thawed with
wood fires or hot rocks, and this method is still used at a few small
isolated mines. Hot water was later used at a number of mines.
With these few exceptions, the thawing in drift mines is done with
steam under pressures of 90 to 110 pounds at the boilers. The steam
is conducted down the shaft and to the workings through pipes from
which connections are made to the various crossheads or batteries
with pipe and steam hose. Each crosshead delivers steam to 4 or 5
points; a valve and hose connect to each point.

STEAM POINTS

The steam points are made of extra-heavy hydraulic steel pipe
34 to 1 inch in outside diameter and 6 to 20 feet long. Lengths over
12 feet are now seldom used at the face, partly because the short
points can be handled with greater ease and thaw the ground more
evenly. There are many kinds of points, differing in the type of
drivehead, steam connection, and form of the bit. The lighter
points are fitted with a heavy T, with a tool-steel plug for a drive-
head and a pipe nipple for the steam connections, but the standard
point has a heavy tool-steel head with the nipple welded to it or
fastened by special attachments. A hole is usually drilled through
the solid head for inserting a small bar for turning the point while
being driven.

The points may have either round-pointed, diamond-shaped, chisel,
or cross bits, the kind used being governed by the character of the
ground. The round-pointed or straight bit is most commonly used.
With a small amount of steam turned on, the point is driven into the
face, and where two men work together one drives with a heavy
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hammer while the other guides and rotates the point. In some
ground thawing is rapid enough and other conditions are such that
the point can be quickly advanced, although progress can not be
faster than the gravel thaws ahead.of the point, so that a number
of points are generally under way at a time. Hard driving is com-
monly necessary, as the gravel ahead of the point must be pushed to
one side or some of the larger rocks drilled through. When large
rocks are encountered, it usually is advisable to pull and start a
new hole.

When steam is used for driving the points, there is generally a
“blowing back ” or escape of steam, which fills the workings, render-
ing vision difficult and causing the gravel in the roof to thaw and
slough. To overcome this, many miners use hot water instead of
steam while driving. The water then used is pumped from the
sump and is heated with steam from the exhaust of the pump. This
method, however, requires additional piping and tends to wash and
slough off the face so that it is subsequently more difficult to plug
the hole around the point and seal in the steam.

SETTING POINTS

The points are set horizontally along the face, spaced 2 to 4 feet
apart and at a horizon where they can be most easily driven,
usually just on top of bedrock or a few inches below if bedrock is
not hard or blocky. Irregularities of bedrock may, however, be
such that the point may be in both gravel and bedrock. After the
point has been driven home it may remain during the thaw, but it
is more customary to withdraw the point and insert a “sweater.”
Sweaters are made of ordinary iron pipe 34 to 1% inch in diameter;
the head is fitted with a T for steam connection and a plug for
light driving. Their use allows a large saving in the cost of equip-
ment, and as the points can not always be withdrawn after the thaw
is completed these light pipes can be bent back and out of the way
of the workers.

The collar of the hole is now carefully plugged by wrapping bur-
lap or similar material around the point or sweater and ramming it
tight, so that no steam will “blow back.” The steam is then turned
on; it is regulated with the valves at each point and as much of it is
given as the ground will take. Regulation of steam requires ex-
perience, as some ground will take the full steamn pressure whereas in
other ground where the gravel is tight only a small amount can be
used. While thawing is under way there is a constant shower of
gravel from the roof, and the point man must be on a constant look-
out for large falling rocks.
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In easy ground two men can generally accomplish more working
separately than working together. The rate of driving or setting
the points varies according to the length of the point and the char-
acter of the gravel. In average ground two men working together
can set ten to thirty 9-foot points per shift, while in some of the
easy ground one man may set twenty to twenty-five 8-foot points.
Where the gravel is tight and bowldery and bedrock is blocky, as
at a number of mines in the Fairbanks district, it often requires the
hard work of two men to set four to six 9-foot points in eight
hours.

TIME NEEDED FOR THAWING

The time required to complete a thaw and the duty of a steam
point are governed by numerous factors, chief among which are the
character of the ground, distance between points, length of point,
height of face, and steam pressure. In favorable gravel and under
average operation the steam is turned on for 8 to 12 hours, while
in tight gravel with much clay 45 hours may be required. Under
average conditions 10 to 20 hours are necessary. After the steam
is turned off the gravel retains heat for some time and thawing con-
tinues until the heat is dissipated. This “sweating ” completes the
thaw, but the gravel should not be excavated until several days have
elapsed and the ground has cooled. The demand for thawed gravel
‘at most mines is, however, so urgent that most of it is mined while
still warm, often hot.

The steam point will normally thaw 1 to 3 feet beyond the end of
the bit. The average area thawed with a 9-foot point is 30 to 45
square feet or 7 to 8 cubic yards. The amount of steam required
per point, under average conditions, i1s generally considered to be
1 boiler-horsepower, although there are instances where 2 boiler-
horsepower was required. High steam consumption is usually due to
inefficiency and long, poorly insulated steam lines or to the character
of the material thawed. Gibson?® states that the horsepower per
steam point at five operations at Nome ranged from 0.78 to 1.12;
25 to 90 points, averaging 7 feet in length, were set per thaw and,
with steam turned on for 8 to 12 hours and “sweating” continuing
one to two and one-half days, 2.28 to 7.11 cubic yards were thawed
per point. ‘

COSTS

Under favorable conditions, ground in drift mines has been thawed
for 2 cents per square foot, or about 15 cents per cubic yard. Such
low costs are, however, seldom attained. especially at the mines .

37 Gibson, A., ¢ Drift mining in the frozen gravel at Cape Nome’ : Min. and Sci. Press,
Mar, 7, 1914, p. 404,



128 PLACER-MINING METHODS AND COSTS IN ALASKA

operating at present. In the more difficult ground or at small mines
the cost is often 10 to 12 cents per square foot, or about 50 to 75
cents per cubic yard. Under average conditions, 30 to 40 cents per
cubic yard is about the usual figure. Ellis?® estimated that steam
thawing in the Fairbanks district accounted for about 20 per cent of
the total cost of drift mining.

DRIVING POINTS UNDER DIFFICULT CONDITIONS

Where gravels are tightly packed or the bedrock is irregular,
hard, and blocky, or overlain by heavy gravel, driving the points is
slow and difficult. The use of machine drills for drilling holes in
such ground for inserting the steam points or “ sweaters” has proved
successful at several drift mines. This method was also tried at
other operations where, however, it was unsatisfactory mainly be-
cause the wrong type of drill and equipment was used.

THAWING ON LITTLE ELDORADO CREEK

The Idaho Mining Co., on Little Eldorado Creek in the Fair-
banks district, has been very successful with this method, which
has been the one factor that has determined profitable operation.

The deposit averages 165 feet in depth, and although it is solidly
frozen the average gravel seldom contains more than about 5 per cent
of ice. The gravel is tightly packed and of medium size but con-
tains some large hard quartz and schist bowlders, which lie on the
bedrock. The bedrock is a mica schist, soft beds alternating with
harder slabby ones. Up to the time the present method was adopted,
as later described, an average of 314 feet of gravel and 114 feet of
the bedrock was mined. A 70-cubic foot air-brake locomotive com-
pressor supplied the air and an old boiler served as an air receiver.
This equipment was used to a good advantage, although better
results could have been obtained with a larger compressor, for the
pressure at the receiver dropped from 80 to 55 pounds and less when
the drill was in operation.

A BCRW 430 jack-hammer drill, equipped with the water attach-
ment by which a small amount of cold water is delivered under low
pressure through the hollow 74-inch drill steel to the bit, was used
for drilling and was easily handled by one man. This use of water
instead of air or steam accounts mainly for the successful drilling.
Drill steels were used in 8, 6, and 9 foot lengths and equipped with
cross bits gauged from 1% down to 114 inches. The holes were
usually drilled 3 feet apart in a horizontal line just on top of bedrock

# Ellis, H. 1., “ Thawing methods at Fairbanks”: Eng. and Min, Jour., July 3, 1915,
pp. 1-6,
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or a little above it in the gravel. Two boxes supporting a plank,
placed at the proper inclination and at right angles to the face,
supported and guided the drill. The hard bowlders were easily
drilled through, although a new hole was generally started when
an unusually large one was struck. A little caving or “raveling ”
of the holes at infrequent intervals caused slight binding of the drill,
but this was attributed mainly to the low air pressure. Very little
trouble was experienced in the freezing of the air, as water traps
were used in the steam line and dry air was delivered to the drill.

Five 9-foot holes could ordinarily be drilled with a set of steel
before resharpening was necessary. With the old method of setting
points by hand it required eight hours for two men to set four to six
9-foot points, while with this method one man would average 180
feet of drilling, or 20 holes, insert the 34-inch sweaters, and get the
thaw under way in eight hours. A 9-foot hole could usually be drilled
in 20 minutes. It was estimated that the cost of drilling and setting
the sweaters, which included the labor and mess cost for one man,
14 cord of wood for running the compressor, and wear and tear
on the equipment, was $13 per shift, or 65 cents per 9-foot hole.

From 40 to 45 hours were required for thawing, as only a small
amount of steam could be turned on. After the steam was turned off,
the ground was sweated for about one day. Thawing usually ex-
tended 18 inches beyond the end of the sweater, although 40 square
feet of area were sometimes thawed per sweater. The cost of thaw-
ing is not known but the entire cost of operation in 1922, exclusive
of capital and royalty charges, was 74 cents per square foot for the
60,000 square feet mined.

NEW DRIFT-MINING METHOD OF IDAHO MINING CO,

A new method of drift mining involving modern underground
practices has recently been installed and developed at chis same
property on Little Eldorado Creek, Fairbanks district, by J. F. Foran,
the engineer and manager for the Idaho Mining Co. The frozen
gravel and bedrock are drilled and blasted down and delivered to
the cars by an underground scraper and successfully sluiced on the
surface, dispensing with the customary steam-thawing methods.

New equipment for this purpose was installed after the new shaft,
238 feet of main drifts, and 30-foot station level had been completed
by the earlier method. The present mechanical equipment includes
three 50-horsepower boilers, a 7 by 10 double-cylinder hoist, a 6-wheel-
barrow-load self-dumping bucket and carrier, a No. 5 Sturtevant
blower for ventilation, a 650-cubic foot Leyner air compressor, an 8-
inch centrifugal pump for pumping the water for sluicing, three
BBRW 13 jack-hammer drills, one 6l4-horsepower “Turbinair”
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double-drum air hoist, and one 12-cubic foot Quincy box-type bot-
tomless slush scraper. The air drills are of the wet type, using
7-inch hollow hexagonal steel with a cross bit of 134 inches gauge.
Starters are seldom used, as the drilling is done with 5-foot steels.

The shaft is 169 feet deep to bedrock and is 6 feet in bedrock. It is
T by 7 feet in size in the clear and is fully crib timbered down to
the square-set station at the bottom. Moving and setting up the old
plant, sinking, and timbering the shaft cost $2,500. The main drifts,
continuing from where they stopped with the old method, were
driven a total distance of 275 feet upstream and 240 feet downstream.
Crosscuts 280 feet and 185 feet in total length were then driven at the
respective ends of these drifts to the side limits of the pay. The
614 by 6 foot drifts were driven by one driller and two muckers
working two faces, under the new system of drilling and blasting,
at the rate of 7 feet per eight-hour shift, at a cost of $4.50 per foot.
These drifts required no timbering, whereas those driven by the old
method of thawing required three-piece sets and top lagging. The
crosscuts at the ends were driven 18 feet wide and 5 feet high by two
slrillers and four muckers who worked two faces a shift, advancing
each face an average of 4 feet. A block of ground containing about
120,000 bedrock square feet of pay was opened up.

SYSTEM OF MINING

Starting in the crosscuts at the extreme end of the block, mining
proceeds along the wall nearest the shaft and advances toward the
shaft. Two drills are used at the upstream end and the average
height of face carried is 414 feet (2 feet of gravel and 214 feet of
bedrock). The back holes are drilled in the gravel and spaced 3
feet apart, the cut or breast holes are drilled in bedrock and spaced
214 feet apart, and the lifters are drilled in bedrock with 3-foot
spacing. L'he holes are all drilled 5 feet deep and break to the bot-
tom. With two drills working, a 130-foot face can be drilled and
the holes loaded and shot in two 8-hour shifts. One man will on
an average drill 150 feet of hole, load, and shoot it; in other words,
100 sauare feet, about 17 cubic yards, are ordinarily drilled and
broken per man per shift. One steel will usually drill an average of
three 5-foot holes. There is never any trouble with stuck steel and
practically no trouble with freezing of the drills.

The holes must be blown out with air shortly after drilling, to
remove water and so prevent ice from forming and closing them.
The holes are loaded with 40 per cent straight nitroglycerin dyna-
mite, four and one-half sticks to the hole. No stemming is used
‘This powder has been found to be too fast for the gravel and too
gassy for the ventilation provided. The average powder consump-
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tion has been 0.4 pound per bedrock square foot. The cost of the
powder is 7Y cents and of fuse and caps 214 cents, a total explosives
cost of 10 cents per square foot, or about 60 cents per cubic yard.

From 12 to 24 hours after blasting, the material is scraped from
along the faces to the main drift up a short incline and dumped into
a car. The scraper is dragged back and forth by cables operated
from the two-drum air hoist.

DELAYS

A great deal of trouble has been experienced and time lost through
freezing of the air in the rotary gears of the air hoist. The
incline up which the scraper is dragged has also caused some delay
and must be taken down and set up at a new place for about each
1,300 square feet of bedrock scraped, requiring two to three hours
each time. It is planned to put the main drifts 6 feet lower in the
bedrock, which will dispense with the incline. Some delays are also
occasioned in tramming, as the two trammers can not keep pace with
the scraper when it is operating properly. Under the present ar-
rangement the scraper averages running only about five hours out
of the eight, although an average of about 250 square feet of bedrock
is scraped during that period. With these difficulties corrected, so
that almost continuous scraping is possible, and with three drills
busy at the face, it is expected that about 350 square feet can be
scraped per shift. As equipment is lacking, only one drill is oper-
ated at the downstream face, where the material is shoveled into
wheelbarrows after it has been blasted down.

SAFETY MEASURES AND HAULAGE

The workings are kept safe by putting in bulkheads about every
25 feet along the face. These bulkheads are 4 by 8 foot timber cribs
filled with waste gravel. With each advance of about 40 feet another
row is put in. At intervening places where the roof may slab, as at
the lower points, a post with cap is set. As the work advances these
are removed and the ground is allowed to settle.

After the material has been scraped to the car it is trammed to the
shaft, dumped into the bucket, hoisted to the surface, conveyed over
the incline cable, and automatically dumped into the sluices.

REASONS FOR SUCCESS OF METHOD

The blasting down of frozen gravels in drift mines is not a new
idea, but has been tried at numerous mines. It has not proved prac-
tical heretofore because of the character of the material which still
required thawing after being broken. The success of such blasting
methods at the placer on Little Eldorado Creek is due to the un-
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usual character of the material mined. This deep, tightly packed
frozen gravel contains an unusually small amount of ice, not more
than about 5 per cent, which occurs as small crystals and to a lesser
extent as small masses or seams. The shattering effect of the detona-
tion is mainly responsible for preparing this material for sluicing
without the necessity of the customary thawing. The heat liberated by
the explosion plays but a comparatively small part. As this material
strikes the water and passes through the sluices it readily disinte-
grates and is satisfactorily sluiced. ’

This mine now employs 15 men and operates but one shift of eight
‘hours. The success of this method has been proved, although the
operation must still be considered in the experimental stage. When
once properly equipped and developed, so that two drills and a
scraper can be kept busy at each face, the management believes that
1,000 to 1,400 square feet of bedrock can be mined per day of two
shifts by working a crew of about 40 men, at a cost of 50 cents per
square foot, exclusive of capital charges and royalty.

HYDRAULICKING

Frozen gravels in a drift mine have been hydraulicked on differ-
ent occasions on a small scale. With one method the gravel face
was nozzled down with water pumped from the underground sump,
which was warmed by the steam exhaust of the pump. The water
accomplished both the thawing and breaking down of the gravels.
The excess water was drained to the sump to be reused, and the
material broken down was shoveled or scraped into wheelbarrows or
a car and conveyed to the surface for sluicing. The main diffi-
culties encountered were that most of the bedrock had to be dug and
cleaned by hand, and there was excessive wear on the pump lining.

At another operation in a low-lying bench, where the pay streak
was composed of light gravel containing only a small amount
of porous frost, water was conducted down the shaft and to the work-
ing faces through hose and pipe, and the gravel and bedrock were
nozzled down and sluiced to the sluice boxes in the main crosscut.
Diagonal paralleling drifts had been driven from the main crosscut.
Hydraulicking started at the innermost faces and retreated toward
the main crosscut, leaving narrow pillars between the drifts which
were later removed. An adit on low grade, which by force of condi-
tions could be made available for no other use, was employed for
carrying off the water and the light material in the tailing. The
main bulk of the tailing was hoisted to the surface by way of the
shaft. The average height of the working face was 5 feet, and about
4,000 square feet of bedrock were so mined. Unless it may be in
some bench deposit affording exceptionally favorable conditions for
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a method of this kind, underground hydraulicking in Alaska on any-
thing but a very small scale presents many difficulties which greatly
outweigh the advantages of the regulation methods of drift mining.

PRIMITIVE DRIFT-MINING METHODS

In the Circle (fig. 1, 37), Fortymile (fig. 1, 41), and some of the
more isolated districts a number of miners work alone and with the
most primitive methods take out a small dump each winter. A
small shaft 12 to 25 feet deep is sunk in the frozen ground to bed-
rock, and an area of 500 to as much as 2,000 feet square is opened up.
The frozen gravel is thawed with wood fires. Kindling is placed
along the face, with a layer of dry wood on top, and the pile is
built up to a height of about 2 feet. It is then covered with coarse
gravel or stones or a layer of green wood with a sheet-iron plate
over it. The placing and handling of these fires require experience,
for the heat must be retained and held against the face, otherwise
the roof will slough badly. Sometimes a number of fires are built.
Such fires usually burn three to five hours and thaw 12 to 18 inches
back into the face. They are generally ignited in the early evening,
so that the thaw is complete by morning. Practice varies, for at
one mine three piles of wood 8 feet long and 2 feet wide and high
burned for 10 hours, after which the ground was “sweated” for
24 hours, thawing the face to an average depth of 16 inches (about
40 bedrock square feet).

Two shafts 50 to 75 feet apart are sometimes used, so that while
gravel is being mined from one it is being thawed in the other.
At one place a 60-foot adit was driven on a bench deposit to the edge
of the pay and a 25-foot raise made to the surface for ventilation.
Drifts were then driven a short distance up and down stream and
the gravel removed by working toward the portal of the adit. The
working face was 2 to 4 feet high. This lone miner mines an average
of 1,000 wheelbarrow loads of gravel each winter, which return $200
to $400 in gold when sluiced the following spring.

COSTS

Present conditions for drift mining in frozen gravels are seldom
conducive to low costs, mainly because the ground remaining is less
favorable and the smaller areas limit the scale of the operations.
When drift mining was at its height, frozen gravels were drift-
mined at several mines in the Fairbanks district for as low as 40
cents per square foot, and in a few mines near Nome costs of 25
cents per square foot were reported. In 1915 Ellis * estimated that
the cost of drift mining in the Fairbanks district was 50 cents to

© Ellis, H, 1., “ Winter drift mining at Fairbanks ” : Eng. and Min, Jour., Oct. 30, 1915,
p. 710,
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$1.25 per square foot of bedrock, the average being 75 cents. He
based his estimate on the duty of the shovelers, which was taken at
30 to 35 square feet of bedrock per 10 hours, or equivalent to about
7 cubic yvards of gravel in place.

Present costs in the Fairbanks district are 60 cents to $1 per
square foot, with several mines where the cost is higher. The aver-
age, however, is about 75 cents. Drift mining in the Tolovana
district costs 50 to 75 cents per square foot, with 32 cents reported
from one operation where the gravel was light and all conditions
favorable. In the Ruby district, where the pay channels are rarely
more than 75 feet wide and conditions are generally adverse to cheap
mining, the operating costs at six mines ranged in 1922 from 60
cents at the more favorable operations to $1.25 where they were
adverse, averaging 85 cents per square foot, or about 5 per cubic
yard. The average cost of steam thawing here was 45 cents per
cubic yard and 35 cents for sluicing.

In 1914 Gibson ** reported the operating cost per cubic yard, ex-
clusive of preparatory work, at five operations at Nome as follows:
Thawing, 27 to 50 cents: mining, 94 cents to $1.28; sluicing, 9 to
64 cents; total operating cost. $1.40 to $2.41. The total height of
the working faces was 4 to 5 feet, 16 to 30 men were employed, and
80 to 158 cubic yards of pay gravel were hoisted at shafts 45 to 81
feet deep per day of two 10-hour shifts. Drift mining at Nome is
now virtually obsolete, for most of the remaining ground is un-
favorable for profitable operation. Lumber for timbering and fuel
oil for steam generation are used there, and most of the available
ground has been acquired by dredging or hydraulic mining interests.

HYDRAULIC MINING

Hydraulic mining, as interpreted in this report, comprises break-
ing down the face by water under pressure, washing the material
into the sluices, sluicing the material, and disposing of the tailing.
In order to assist in transportation and sluicing, an additional sup-
ply of water, known as ground-sluice, by-wash, or bank head water,
is usually required. The most important requirements for hydraulic
mining are an ample, continuous, cheap supply of water under high
pressure, enough bedrock grade for the sluices, and adequate dump
room for the tailing.

Hydraulic mining in Alaska is being conducted in creek deposits
or in bench deposits, many of which are only slightly above creek
level, so that adequate grades are generally lacking. The creek de-
posits are a few feet to 25 feet deep, whereas benches of similar

4 Gibson, A., “ Drift mining in the frozen gravel at Cape Nome ” : Min. and Sci. Press,
Mar. 7, 1914, p, 404,
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thickness are often overlain by barren overburden, forming a total
depth of 40 to 50 feet. Although the bench deposits in Alaska
do not have the great thickness or extent of some of those in Cali-
fornia, there are in southern Alaska and the Upper Yukon country
some auriferous benches as deep as 100 feet, mostly gravel, but usually
unfavorably situated for hydraulicking. As a general rule in Alaska
placers the gold is found close to bedrock, and if the pay gravel is
overlain by great depths of barren gravel hydraulicking is profitable
only when other conditions are unusually favorable. Most of the
hydraulic mining in Alaska is therefore confined principally to the
shallower or more favorably located placers. Inhydraulicking shallow
placers frequent moving of the giants and sluices is necessary, caus-
ing loss of valuable time when the water supply may be at its best.
The presence of some bowlders is not so serious as in other methods
of mining, but large quantities may prohibit mining. At many
hydraulic mines in southern Alaska the exceptionally large quan-
tities of bowlders counteract some advantages that mines in this
part of Alaska may have over the hydraulic mines in some interior
districts and on Seward Peninsula.

Soft, even bedrock which can be readily cleaned with the giant
is one of the requirements for low-cost operation. Although the bed-
rock at many mines is favorable for hydraulicking, at other mines
the bedrock is hard, blocky, and interbedded with softer rock or
cut by numerous dikes. Much of this irregular bedrock surface
can be cleaned with giants, nozzles, or small canvas hose and nozzles,
but unless this is properly done the gold may be driven into pockets
and crevices in the bedrock; then final cleaning by hand is generally
necessary. Stiff clay, if present, is difficult to break down with the
nozzle and may require blasting. A sticky clay is the most difficult
to wash, although it can generally be well disintegrated by the
giants before it goes into the sluices. Cemented gravels occur rarely
in Alaska.

WATER SUPPLY

STREAM GRADES

The average fall of most of the streams in Alaska on which placer
deposits are found is slight, except in some relatively small districts
in southern Alaska. These stream grades in the Seward Peninsula
and the interior districts usually range from 25 to 150 feet per mile
but in southern Alaska are generally 100 to 200 or more feet.
Local irregularities in bedrock may provide steeper grades than the
average, and the tributaries and the upper reaches of the main
streams are generally steeper. A grade of 6 inches to 12 feet, or
220 feet per mile, is considered the minimum over which gravel
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can be economically moved through the sluice boxes without an
excess of water. The hydraulicking of stream beds or flat-lying
benches also requires a plentiful supply of ground-sluice or by-
wash water, and a special method for obtaining a better sluice grade
may be necessary. Also, the lack of natural dumping facilities
generally necessitates stacking the tailing.

GROUND SLUICE OR BY-WASH

The ground-sluice or by-wash water flows over the bank or to the
sluices through open channels and is generally the surplus creek
water left after the giants have been supplied. The amount required
is governed principally by the grade of bedrock, the character of
the material, and the size of the sluices. The quantity available for
this purpose is usually small during most of the working season,
and it is customary to use the greater part or all that is available.
At some of the operations one to three times the quantity supplied
by the field giants may be used. The largest hydraulicking opera-
tions in southern Alaska use 1,000 to 2,000 miner’s inches of ground-
sluice water.

CONDITIONS GOVERNING WATER SUPPLY

The conditions governing the water supply for hydraulic mining
and the construction of dams, water conduits, and pipe lines have
been discussed under “ Water supply.” In general, large supplies
at high heads are only available at certain operations in southern
Alaska; favorable conditions are also found on the Seward Penin-
sula but require long, expensive ditch lines. Fluctuations in the
flow are pronounced, especially in the interior districts, where the
water supply is generally small and under low head. Favorable
reservoir sites for impounding large quantities of water are rare,
so that virtually all operations are handicapped by reduced water
supply during part of the season. Many have to stop hydraulicking
entirely during low-water periods, while others continue only at
greatly reduced capacity. Mining in the interior districts is es-
pecially characterized by the use of small quantities of water which
have been impounded and are released intermittently for short
periods. The water supply also quickly diminishes when the tem-
perature drops to freezing.

Hydraulicking of the gravels usually does not start until early in
June or continue after the first heavy freeze late in September.
Most preparatory work is done in April and May or after mining
is halted in the fall. The working season is about 90 to 120 days,
but in high elevations where snow water must often be relied upon
may not be over 30 days. Many hydraulicking operations benefit
by only a small part of this short season. Disregarding any time
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lost from lack of water, the time of active hydraulicking at most
mines amounts to only 40 to 60 per cent of the available season, the
balance of the time being spent in moving, setting up, cleaning up,
and other jobs. Where only one shift is worked, less than a quarter
of the time may be spent in moving gravel.

Most hydraulic mines in Alaska are small, for those requiring
comparatively small investments and employing only two to eight
men are best able to meet average conditions. Many small opera-
tions have 50 to 500 miner’s inches of water available under heads
of 35 to 200 feet, and in an average season will mine 2,000 to 30,000
cubic yards of gravel. The larger mines, most of which are situated
on the Seward Peninsula and in southern Alaska, have 500 to 2,500
miner’s inches of water under heads of 100 to 300 feet and mine
30,000 to 100,000 cubic yards in an average season. This maximum
represents less than 1,000 cubic yards daily and is rarely exceeded,
except at some mines that figure only the time of actual hydrau-
licking.

CAPITAL INVESTED IN HYDRAULIC OPERATIONS

The amount of capital invested in water supply, hydraulicking
equipment, and development work varies widely because of the many
differing conditions. The cost of delivering water under pressure
head to the property is often the main item. As previously men-
tioned, some operators use conduits constructed by former opera-
tors and some have been able to obtain used hydraulic equipment at
nominal cost. Many small mines operating under low head and
with small outfits have been equipped with pipe, giants, etc., at a
cost of $1,000 to $3,500. Some hydraulic mines operating under
average conditions and handling between 250 to about 750 cubic
yards of gravel were equipped for $3,500 to $15,000, and larger
plants have cost as much as $100,000. Within these limits the cost
of the dam, ditch line, etc., may be included, except where the
ditches are of large capacity and great length. There are numerous
instances where from one-quarter to one million dollars, and occa-
sionally more, has been spent in water supply, equipment, and
opening up the property, so handicapping operation that profitable
results were impossible.

IMPORTANCE OF HYDRAULIC MINING

The life of the average Alaska hydraulic mine on creek or shallow
bench ground is governed by many conditions, but usually is 5 to 10
years. A few hydraulic mines have been active for much longer
periods, while others are operated periodically by leasers or through
changes in ownership.

92405°—27——10
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In spite of the many adverse conditions cited hydraulicking has
an important place in Alaska placer mining. At most mines where
this method is used it can generally be applied better than any
other method. However, numerous creek placers being hydrau-
licked or worked by other methods make a production each season
that is ridiculously small, especially when the investment in a
water supply and equipment is considered. Conditions at some
such properties favored dredging, by which method the ground
could have been worked out in easily one-fifth the time at a much
lower cost and no doubt with better recovery of gold.

DUTY OF WATER
DEFINITION

The duty of water in hydraulic mining is usually stated as the
number of cubic yards of material which can be broken down and
put through the sluices by 1 miner’s inch (114 cubic feet per minute)
in 24 hours. It varies with the depth and character of the material,
the character and grade of bedrock, the size and grade of the
sluices, the type of riffles, the quantity and pressure of the water,
the facilities for disposal of tailing, and the skill of the operator.
The duty of water must be at least approximately known before
estimates can be made as to the possible scale of operation, and
a properly balanced plant can be installed. It is also a most im-
portant factor in determining the efficiency of the operation. Un-
fortunately very few Alaska operators measure the amount of
water used or keep account of the time during which the water is
turned on, consequently complete or accurate data are seldom
available.

DATA ON DUTY OF MINER'S INCH

The table on the duty of the miner’s inch in Alaska includes data
from engineers whose aid is acknowledged and estimates based on
the data obtained from the operators. As stated, some of this latter
information was incomplete, but where possible the missing data
were closely calculated and the approximate duty of the water de-
rived. These estimates are given mainly to show the generally low
duty obtained.
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Duty of miner’s inch
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Locality

Sluices

Height of bank, feet

Width, inches

‘ Head on field giants,

Riffie

feet

Depth, inches

‘Water, miner’sinches

Duty, cubic yardsin
24 hours

Remarks

Seward Peninsula:
Anvil Creek @ _____

Boulder Creek

Big Hurrah Creek. .

Little Creek

Ophir Creek__.___..

Mount MceKinley dis-
trict: Moore Creek.

Fairbanks district:
Pedro Creek

Goldsteam Creek . _

Circle district:
Mastodon Creek . . _

Seventymile district:
Crooked Creek.

Yentna district:
Falls Creek________.
Nugget Creek _ -
Peters Creek___..__

Kenai region: Crow
Creek.

Nizina district:
Dan Creek

Chititu Creek

20
30

15

10-18

10

30

30

36

48

36

24

36
36

30
30
30

48

40

—
oo

Angle iron_ -

30

18

24 Angle iron

and rails.
Blocks, rails.

160

Blocks, rails.

(9 and (9.

100]

100

24

60

-3

100

200
.| 188
145

o> =1

36| 5146

100

400

b 700

b 350
b 400
200,

b 500
240
b 460,

b 500,

b 450
b 800]
b2, 600

275| e

1.4

3.0

10.0
2.63

1. 00]

1,20

1.25-1. 5

12

3.4
1.1-1.35

L6

1.2

3.5

2.5

G0 ©

L2%-4

.35-.5

Heavy, partly frozen
gravel, much flat
schist.

Frozen-muck strip-
ping; 3-inch grade;
ditch head water.

Frozen-muck strip-
ping; 4Y4-inch grade.

Unfrozen, coarse, sub-
angular gravel; hy-
draulic elevator.

Unfrozen medium
gravel, much flat
schist. ¢

Unfrozen medium
gravel, much flat
slate. ¢ &

Partly frozen medium
gravel; hydraulic ele-
vator.

Partly frozen heavy
gravel; hydraulic
elevator.

Stripping moss and
muck with giant.

Fartly frozen medium
gravel; hydraulic
elevator.

Unfrozen medium
round gravel; tailing
stacked two hours a
day.

Partly frozen, heavy
gravel.c

Partly frozen medium
gravel.c

Stripping muck with
pumped water, 3 per
cent grade.

Partly frozen round
medium gravel. ¢
Partly frozen gravel;
20-hour inch.c
Partly frozen light
gravel.c

Unfrozen medium

gravel; bowlders.=
Do.
Do.

Very coarse wash;
many large bowlders;
much ground-sluice
water used. ¢

Unusually coarse wash
and many bowlders;
much ground-sluice
water.<

Heavy gravel, many
bowlders; mue
ground-sluice water.¢

s Purington, C. W

b Includes ground-sluice water.

¢ Stack tailing with a giant.
¥ Punchbed plate over matting,

« Longitudinal steel-shod riffles.
{Ellis, H, L
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They can, however, be considered as being close approximations,
although the duty at each operation is subject to variation, and many
of the examples are based on data covering short periods only. As
given in the table, the number of miner’s inches of water used in-
cludes the average amount used by the field giants, the stacker giant,
or the elevator, as the case may be, and where so noted includes
ground-sluice water, which is the most variable in quantity. At
most operations the water pressure decreases rapidly as the work
proceeds upstream.

REASONS FOR LOW DUTY

The generally low duty is accounted for mainly by the low bed-
rock and sluice-box grades, by the general low water pressures, and
by the large amount of water used by the elevator, or that used by
the stacker giant, or the large amount of ground-sluice water, as
the case may be. At some Nome operations much of the material is
flat, while in the southern Alaska districts the gravels are unusually
heavy, and large amounts of ground-sluice water are generally
required. Frozen ground at some mines may lower the duty mate-
rially, whereas at others the giants can pipe down the material as
fast as it can be transported to and through the sluice boxes. Data
are unfortunately meager on operations where it is unnecessary either
to elevate the material or to stack the tailings. Under such condi-
tions a duty of 3 to 4 cubic yards should not be uncommon. Tables
on giants, published by manufacturers, usually show that the duty
of a giant under average conditions is taken as approximately 3
cubic yards. In hydraulicking the small rounded gravels of the
“White Channel” bench in the Dawson country the water duty
ranged from 2 to 10 cubic yards, with sluice grades of 12 to 14
inches.®* The duty at the Yukon Gold Co.’s operations on Bonanza
Creek ranged from 4.50 to 6.60 cubic yards.

Water under high pressure is more effective than under low pres-
sure, and the duty of the water is apt to be low when the head is less
than 200 feet. Purington ** contends that an increase in head will
not increase the amount of gravel which can be moved to the
sluices, for the force of the stream from the giant is entirely ex-
pended in piping (that is, directing the stream from the nozzle)
against the face, while the grade of the sluice is the governing factor
in moving the gravel after it leaves the face. Although it is true
that a given quantity of such spent water will only move a certain
amount of gravel to and through the sluices, being dependent on
the grade over which it runs, a high head delivers more water and

4 Purington, C. W., Methods and Costs of Gravel and Placer Mining in Alaska: U. 8.
Geol. Survey Bull. 263, 1903, p. 139.
£ Purington, C. W,, Work cited, p. 134,
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will more readily disintegrate the material than a lower one if other
conditions are equal. It is also standard Alaska practice to get
behind the material and drive it into the cut and to the sluices, where
a high head will move it more readily and farther, thereby permit-
ting the working of larger pits and requiring less frequent moves of
the giants.

HYDRAULIC MINING METHODS FOR BENCH AND CREEK DEPOSITS

The various conditions that govern hydraulic mining have brought
about the development and adoption of different methods. Although
these may follow the same general principles, there are different
ways of piping down the material, of delivering it to the sluices,
and of disposing of bowlders and tailing. The methods used for
removing moss, muck, and in some places barren sand, gravel, and
other overburden before the hydraulicking of pay gravel have been
described under “ Stripping overburden.”

The hydraulicking of bench deposits at elevations well above
stream level is comparatively simple when a fair water supply is
available, as the grade for sluicing and room for gravity stacking
of tailing are usually adequate. If the deposit is thick, hydraulick-
ing may be started at the rim or the exposed face, or a deep cut may
be sluiced out until pay gravel is exposed. An adit may be driven
in the bedrock and a raise extended to the surface, to be enlarged by
piping the surrounding material into it, thus opening a pit. This
practice was followed in opening a lake-bed deposit in the Silver
Bow Basin near Juneau (fig. 1, 55), where a long tunnel was driven
through solid rock to the deposit. Similar means have been used
in opening some of the high-bench gravels in California and else-
where.

The sluice boxes are placed in the tunnel or in the cut, as the case
may be. The giants are set up at a safe distance from the bank,
which is then undercut and broken down by the stream from the
giants. The loosened material is transported through short sluices
in the bedrock to the main sluice or sluice boxes. These bedrock
sluices are kept close to the face, and if the ground is hard or irregu-
lar may be an item of considerable expense. Steel flumes or chutes
are sometimes laid on bedrock to assist in moving the loose material
to the sluices, but the usual procedure is to carry the nozzles behind
the broken-down material and drive it into the head of the boxes.
To permit continuous operation two or more working faces should be
carried. An oblique stream from the nozzle will break down more
gravel than one pounding directly against the face.

For undercutting, small nozzles are generally more efficient than
large ones. In frozen ground undercutting is slow and unsatis-
factory, as a frozen bank is not only difficult to cave but the caved
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material usually breaks off in large masses. Constant playing of
water under pressure against a frozen face is poor practice. Better
results can generally be obtained by letting bank head water aided by
the giants cut deep vertical channels in the bank, thus exposing
a large area to thawing, and then piping off the thawed material
from time to time.

Where shallower placers are hydraulicked, the giants are generally
set on top of the bank. By this method advantage is taken of the
grade, and the material as loosened is driven ahead into the pit and
the sluices. Moreover, in frozen ground a large surface can be
exposed for thawing.

Before a creek deposit is mined ample provision must be made for
diverting the creek water and all excess water around the workings, as
stated under “ Water supply,” and special provision made for safe-
guarding the mine from flood water.

GENERAL HYDRAULIC MINING METHODS

Hydraulic mining as practiced in Alaska, excluding the bench
methods mentioned or the use of hydraulic elevators, can be divided
into three general methods: (1) Piping the material into the head of
the boxes; (2) piping the material over the side of the boxes; and (3)
a combination of 1 and 2.

Methods 2 and 3 are special methods that have been developed
to meet certain adverse and limiting conditions encountered in min-
ing the creek placers and are also applicable to some bench placers.
Method 2 can be divided into three general classes based on the posi-
tion of the sluice boxes in relation to the surface of the bedrock, as
follows: (@) The sluice boxes are all set in bedrock, with the tops
below the surface; (&) the lower boxes are in or on bedrock and the
upper ones on or above bedrock surface; (¢) some or all of the boxes
are on or elevated above bedrock.

The best method for any mine depends on many limiting factors,
and each method has certain advantages.

PIPING INTO THE HEAD OF THE BOXES

The method of piping into the head of the boxes is the one most
generally used at hydraulic mines in Alaska. It is best adapted for
hydraulicking shallow benches and comparatively narrow creek
deposits where the bedrock gradient is 6 or more inches in 12 feet.
Its application in connection with mining deep benches has already
been mentioned. Omne major advantage of this method is that all
of the water used is devoted to sluicing, so that a comparatively
small flow will often suffice. Mines having small or intermittent
water supplies therefore find the method practical. The relatively
short string of sluice boxes can usually be set at a steeper grade
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than that of the bedrock by taking advantage of irregularities in
the bedrock surface or by cutting to the required grade. The light
sluice boxes used can generally be installed quickly, which is a big
advantage where small pits not over 6 or 8 feet deep necessitate fre-
quent moving and setting up.

SLUICE BOXES

The sluice boxes are first placed on or in bedrock at about the
middle of the lower end of the proposed pit, with the head box low
enough in bedrock to permit proper entry. Where the bedrock is
hard and the natural gradient is low, three or four boxes are gen-
erally used, but under favorable conditions there may be 12 or more.
Timber or board wings at the head of the boxes, one on each side,
direct the water and material into the head of the boxes. As a rule,

Figrre 38.—Hydraulic mining. Piping into the head; sluice-box extension. Note
the hose and nozzles

the field giants are set on top of the bank at a distance upstream from
the wings that depends on the pressure. If only one giant is used, it
is placed at the upper end in line with the sluices or shifted about
as required ; if two are used, one is placed near each upper corner
of the proposed pit. The material is then piped into the head of
the boxes.

Where the water pressure and other conditions are favorable,
pits 300 to 450 feet long have been mined by the above method.
However, in pits of this size intermediate or “ booster ” giants are
used, and the material is moved in stages. Where the slope is satis-
factory, a number of short pits can be mined by extending the sluices
upstream after each pit has been piped in; but the advantage of
this practice may be small if tailing must be stacked. Figure 38
illustrates such an operation on a shallow bench in the Hot Springs
district (fig. 1, 30).
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As much more material can be moved through a sluice box than
through the ground sluice or bedrock sluice, the giants should not
be placed too far from the head of the boxes or the duty of the
water will be greatly reduced. At those mines where the head of
the boxes is placed above bedrock the material must be piped up
a slope before entering the boxes, and the water backs up in the
pit. With average bedrock conditions, a sump or pothole is al-
most certain to develop ahead of the boxes. This impedes the
flow of water and material, and requires additional piping to move
them into the boxes.

PLACER ON FALLS CREEK

A typical placer of this kind is on Falls Creek in the Yentna dis-
trict (fig. 1, 26). The creek deposit averages 8 feet in depth and

Fisvre 39.—IHydraulic wining in Yentna district. I’iping into the head

is unfrozen rounded gravel with 10 to 15 per cent of bowlders, the
largest being about 3 feet in maximum dimension. The bedrock
formation is clay, shale, and sandstone, easily cleaned with the
giants. The average pit mined is 80 feet wide and 125 feet long.
Two field giants with 3-inch nozzles, working under a 100-foot head,
are set on top of the bank, so that while one giant is piping gravel
into the head of the boxes on one side of the pit the bowlders are
being removed from the other side and piled by hand on cleaned
bedrock. On account of the grade of bedrock 42 to 54 feet of boxes
are all that can generally be installed. The sluice boxes are 36
inches wide and 30 inches deep, set on an 8-inch grade, and pro-
vided with steel-shod, 2 by 4 inch riffles placed lengthwise. The
tailing requires constant stacking by a giant with 3-inch nozzle.
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Figure 39 shows the general arrangement of the pit and the
sluices, the method of removing bowlders, and the stacker giant at
work. The water supply, including ground-sluice water, varies from
300 to 700 miner’s inches. The average crew of eight men is divided
into two 10-hour shifts. During periods of maximum water supply
an area of about 1,000 square feet can be mined in two shifts or an
average pit completed in eight to nine days. A set-up for a new pit
is made in one day.

During one of the most favorable seasons 70,000 square feet of
ground averaging 9 feet in depth (including 1 foot of bedrock) were
mined in 73 days at a cost of 715 cents per square foot, or 23 cents per
cubic yard. Average costs are 30 to 35 cents per cubic yard. About
$5.000 is invested in the 1,600-foot ditch and the hydraulic
equipment.

F1GURE 40.—Hydraulic mining at Crow Creek. Wings and sluices

HYDRAULIC MINE AT CROW CREEK

A large hydraulic mine on Crow Creek in the Girdwood district
(fig. 1, 49) is working an unfrozen creek deposit 6 to 25 feet deep,
averaging 12 feet. The gravel is unusually coarse, about 50 per
cent being bowlders 6 inches or more in diameter, many of them
large. Mining is usually carried to a false bedrock of tough clay;
the true bedrock is slate and graywacke, all readily cleaned with the
giants.

The usual practice here has been to mine simultaneously two par-
allel adjoining pits. Each pit is 100 to 150 feet wide and 400 to
450 feet long, is worked separately, and has its own sluice boxes.
The pits are kept abreast of each other and are alternately used as a
by-pass for the creek water, the giants being at work in one pit while
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the bowlders are being handled in the other, so that mining is
virtually continuous.

A No. 7 giant with 6-inch nozzle, working under a 145-foot head,
is set on top of the bank of each pit, and sometimes another giant of
similar size is set midway between them. The gravel from each pit
is then piped into the head of the boxes, which are provided with
heavy timber wings (see fig. 40). As the giants are moved upstream
and the distance to the head of the sluices exceeds their working
range. a smaller “booster ” giant is set on bedrock at one side of the
pit and about halfway down and drives the gravel into the head box.
After the gravel in both pits has been piped in, the bank between the
pits is removed and the bedrock is cleaned with the giants. The
bowlders are drilled with air drills and blasted and put through the
sluices with the rest of the material. A No. 7 giant with 5-inch
nozzle under 170-foot head stacks the tailings from both sluices.
The disposal of bowlders and tailing will be more fully described
under those headings.

The sluice boxes are 5 feet wide and 3 feet deep and are set on a
6-inch grade: 8 to 10 lengths of boxes are generally provided for
each line. Riffles of 40-pound rails set transversely are used in the
first two boxes; the rest are 25-pound rails set lengthwise. In
addition to the giant water, 1,000 to 1,400 miner’s inches of ground-
sluice water pass through the boxes. Including water for stacking
the tailing, about 2,600 miner’s inches are normally used, giving a
water duty of about 14 cubic yard. In 1923, 66,000 cubic yards were
mined, and the crew numbered 12 to 18 men. The cost of mining,
exclusive of royalty paid for the use of the equipment and for the
claims, was 43 cents per cubic yard. This property was equipped and
opened over 15 years ago at an expense of about $250,000. Present
equipment in use and the 114-mile ditch line would cost about
$30,000 to replace.

PIPING OVER SIDE OF SLUICE BOXES WHEN BOXES ARE SET IN BEDROCK
WITH TOPS BELOW SURFACE

The method of piping material over the side of sluices boxes set
below bedrock surface is used in the Nizina district (fig. 1, 47) for
the hydraulic mining of creek deposits and is especially well adapted
for the conditions encountered there. The gravel is piped over the
side in two ways—by starting at the upper end of the new pit and
working downstream or by starting at the lower end and working
upstream. Each has its merits, which can best be shown in the de-
scription of the operations where they are employed,
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HYDRAULIC MINING ON DAN CREEK

The Dan Creek Mining Co. on Dan Creek has one of the largest
hydraulic mines in Alaska. The creek deposit mined is 6 to 18 feet in
depth. The gravel is rounded but unusually coarse, containing up to
75 per cent of material over 8 inches in diameter, some bowlders
being 6 to 10 feet in maximum dimension. The bedrock is slate of
varying character and hardness, cut by occasional hard porphyry
dikes which form high ridges, but in general is not hard and the
average contour is quite regular. The gold is coarse and mostly
nuggets of the “ pumpkin-seed ” variety ; from 40 to 60 per cent will
remain on a %4-inch screen. Large quantities of copper nuggets and
some native silver are also present.

Arrangement of sluices—The pits mined usually range from 500
to 700 feet in length and 175 to 300 feet in width. After a pit has
been completed a line of sluice boxes 4 feet wide and paved with
longitudinal rail riffles is set in the upper end of the old rock sluice,
just at the lower end of the projected pit. Usually 16 to 20 boxes are
installed, but never less than 8, depending on tailing requirements.
Short wings are constructed at the head of the boxes, and as soon as

- the water begins to run in the spring a central sluice running the full
length of the proposed pit is cut through the gravel and into bedrock
by means of a giant with a 4-inch nozzle. The bedrock sluice is made
about 6 feet wide and 5 to 6 feet deep, or so deep that the tops of
the boxes will be 1 or 2 feet below the surface of bedrock. The
bottom is leveled with picks, with as little blasting as possible. The
maximum grade obtainable ranges from 5 to 514 inches, although
grades as low as 314 inches have been used.

Sluice boxes 48 inches wide and 4614 inches deep, inside dimen-
sions, are then installed for the entire length of the bedrock sluice,
connecting with the lower boxes. They are equipped with 20-pound
rail riffles spaced at 4-inch centers, placed lengthwise, and spiked to
6 by 6 inch ties. The sides of the boxes are lined with 114-inch
boards, and the outside is protected by nailing heavy slabs or old
boards along the upper parts.

Mining method.—The general set-up and arrangement of the
workings are shown in Figure 41. A large amount of ground-sluice
water is turned into the head of the sluices, generally about twice as
much as that supplied by a field giant, so that the boxes run vir-
tually full when a field giant is operating. The initial cut is first
made to bedrock at the upper end of the pit, then two No. 4 giants
with 5-inch nozzles worked with a head of 275 feet are placed on
bedrock, one on either side of the sluice and well to the outer edge,
as shown in the figure. While the giant on one side is piping the
material along the diagonal face and over the side into the sluices
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the bowlder crew is working on the other side. The method of
bowlder disposal is described later. (See “ Bowlder disposal.”)
Thus sluicing and bowlder work alternate from one side of the
sluice to the other. As a rule, two to three periods of each are
required before bedrock is reached.

All the material except the largest bowlders goes through the
boxes. These are undercut, rolled over, and left there on cleaned
bedrock. A slice or cut 35 to 50 feet deep is made along the diagonal
face to bedrock and 1 to 2 feet of bedrock are piped off, then the giant
is moved ahead (downstream) to its next position. Two outfits of
214-inch hose equipped with fire nozzles are used for the final clean-
ing of bedrock. Deep holes are cleaned with a siphon. The method
involves piping over the side a series of diagonal cuts until the pit
is completed. Continuous stacking of the tailing is done by a No. 4
giant with a 4-inch nozzle under a 310-foot head.

Clean-up—The upper boxes and rock sluice are sometimes
“cleaned up” as the work advances in order to safeguard against
theft or flood, but generally the entire pit is completed before the
clean-up starts. The clean-up is made only on day shift by a well-
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FicURE 41.—Plan showing method of piping over the side of boxes, advancing
downstream : a, Stacker giant; b, tailing pite; e, sluice boxes; d, wings; e,
worked ground ; f, unworked ground; g, bedrock cut; &, giant; i, pit about 200
feet wide

organized crew of 10 men. Ten boxes are generally cleaned and
removed at a time. With the water cut down to the proper point,
the rails from the upper or first 10 boxes are removed, the heavier
material and the coarse copper nuggets are forked out, and the
balance is worked down the sluice and cleaned up. The timber
guards and the sides of the boxes, except the lower board, are then
removed and with the canvas-hose outfits, one on each side of the
sluice, the material alongside is piped in and another clean-up made.
The remaining parts of the boxes are then removed and the material
in the sluice is hosed down as clean as possible to the boxes below.
The next 10 boxes are similarly handled, and after the entire sluice
has been cleaned (75 to 80 feet are usually finished in a day) a final
clean-up of the rock sluice is made by the foreman and four men
who pick out the crevices and with a water siphon put all the
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material through two lengths of 12-inch riffled boxes which are
placed across the rock sluice and moved along as the work proceeds.
This final clean-up requires five to six days under average conditions.

FIGURE 42.—Hydraulic mining on Dan Creck. Completed pit showing bedrock sluice
and removal of the boxes

Figures 42 and 43 show the completed pit with the clean-up under
way.

Labor.—About 18 men are generally employed, the regular pit
crew for each shift of 10 hours consisting of a foreman, nozzle man,

FIGURE 43.—Removing and cleaning up the sluices, Dan Creek

stacker man, sluice tender, powder man, powder man’s helper, and
twe or three extra helpers, with the shifts so arranged that hydrau-
licking is practically continuous.
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Water duty—According to the manager, G. Howard Birch, the
water duty per miner’s inch averages 0.25 cubic yard and depends
more on the volume of water used than on the pressure. This low
duty is accounted for mainly by the unusually heavy material and
the low gradient requiring large quantities of ground-sluice water.

Work accomplished.—Two pits were completed in 1923, which was
an exceptionally favorable season for hydraulicking. No. 1 pit was
528 feet long and averaged 165 feet wide; No. 2 pit was 480 feet
long and averaged 170 feet wide. The No. 2 pit, which averaged
only 6 feet in depth, required 9 days for making the set-up, 1715
days for hydraulicking, and 10 days for the clean-up. For both
pits 22 days were taken to make the set-ups, forty-two 24-hour days
for hydraulicking, and twenty-six 10-hour shifts for the clean-up.
The expenses for the season were $34,124. About $100,000 has been
invested in the water supply and equipment.

Costs.—The entire operation is conducted in a most systematic
and businesslike manner, and the mine is one of the few hydraulic
mines where accurate, detailed accounts are kept of the operating
data and the costs. These are summarized in the following table:

Hydraulic mining costs, Dan Creek Mining Co.

i |
1916-1920
averages| 1921 1022
Costs per cubic yard:
Operation_..___ $0. 091 $0. 141 $0. 081
Deadwork.____ . 087 <159 . 104
Explosives only . _. . 054 . 108 . 046
. 232 . 408 . 231
Overhead, etc. . oo e ieen L 103 . 242 .102
B0 7 N . 335 . 650 . 333
Operating data:
Average depth_.__ ... ... feet_. 23.4 12 18
Bedrock mined... _...Ssquare feet__| 131,204 | 140,218 154, 786
Material mined . . ____ . ___.__.. cubic yards_.| 113,843 62,318 103, 190
Actual 24-hour days operated. ... _____________________.._...._ 94.2 64 77.1
Average number of men employed_.__.______ ______________ 18.4 17.5 16. 8
Average wage per shift, mess included____ $6. 04 $6. 57 $6. 39
Mess cost per man-day . . . ..o $1. 43 $1. 68 $1.62

o Average per season over a period of five years, during which time 569,214 cubic yards of material were
mined, at a total cost of 19 to 60 cents per cubic yard.

Note.—The above data include a small yardage mined on the benches.

HYDRAULIC MINING ON CHITITU CREEK

A similar method that differs in the disposal of bowlders and the
construction of the sluice boxes is used at the No. 1 mine of John E.
Andrus on Chititu Creek in the Nizina district (fig. 1, 47), shown
in Figure 44.

Set-up at No. 9 mine—At the No. 9 mine on this creek the set-up
is very similar to that on Dan Creek, but the piping starts at the
lower end of the pit and advances upstream (see fig. 45). By alter-
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nating from one side of the sluices to the other the material is
piped along a face which is at about right angles to the sluices or

Ficure 44.—Piping over the side on Chititu Creek

points slightly upstream. A shoulder next to the sluice is often
left to the last as a protection to men clearing bowlders on the

FicURB 45.—Method of piping over the side, advancing upsiream. A4, Plan: @, Stacker
giant ; b, tailing pile; ¢, sluice boxes; d, bowlder piles; &, donkey hoist; f, pit: g, un-
worked ground; h, giant; i, bedrock cut. B, Section across bedrock cut, showing posi-

. tion of slulce boxes in relation to bedrock: a, Sluice box; b, gravel; ¢, bedrock

opposite side. In other respects the methods used at No. 1 and
No. 9 Chititu mines are very much the same. The bowlders are
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loaded onto a steel stone boat operated by a donkey hoist and are
piled on cleaned bedrock. The tailings are stacked by giant.

A special type of sluice box is used. Ties are placed crosswise
in the bedrock sluice and to these are spiked 20-pound rails, placed
lengthwise and spaced at 4-inch centers. The rails form the bottom
of the sluice, the sides being boarded up as at Dan Creek. Caps
are, however, used to keep the tops of the boxes from collapsing.
The grade of the sluices at No. 1 mine is 514 inches; at No. 9 mine
it is 6 inches. The boxes are 8 feet in cross section, and those below
the pit are constructed with the regular bottoms. The clean-up is
conducted in much the same manner as at Dan Creek, but more
easily, as the bedrock is generally softer and permits the cutting of a
smoother sluice.

Operations in 1923—1In 1923 the No. 1 mine started a pit 900 feet
long and averaging 150 feet in width, but about 150 feet at the lower
end remained unfinished at the close of the season. The average
depth of the deposit was 10 feet. There were 39,326 cubic yards
hydraulicked in sixty-four 20-hour days. The cost of labor and
board only for making the set-up, hydraulicking, and cleaning up
is reported as 22 cents per cubic yard. At the No. 9 operation a
pit 460 feet long, averaging 140 feet in width and 11 feet in depth,
was hydraulicked in forty-four 20-hour days, the total yardage
handled being 23,323 cubic yards. The cost of labor and board was
21 cents per cubic yard. In 1924 the two operations mined 99,180
cubic yards, the average depth being 9 feet, at a total operating
cost of 51 cents per cubic yard. Thirty-five men were employed.

DISCUSSION OF METHOD

The method of piping over the side with the sluice boxes all set
below bedrock as described is particularly adapted to the mining of
creek placers that are comparatively wide and not too shallow,
that contain unusually coarse wash and have low stream gradients.
An ample, steady supply of water under high pressure for the giants
and a large quantity of ground-sluice water are required. To insure
a good recovery, the gold should be coarse and heavy. The placer
deposit should be at least 10 feet deep, providing a large enough
volume of gravel to justify making the extensive and costly set-up.
The bedrock should be fairly regular and not too hard. With this
method, the set-up for an entire working season can be made at one
time; furthermore, virtually continuous use of the water is pos-
sible. No backstops are required, as the gravel faces serve for this
purpose. The dip, strike, and contour of the bedrock largely deter-
mine the relative advantages of working up or down stream. Work-
ing downstream from the head of the pit permits taking advantage
of the grade, the material moves in the general direction of the flow
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in the sluices, and hence on reaching them can be more readily
transported than when the work is upstream. In the latter method
the gravel is piped straight across or at an angle upstream, and on
encountering the sluice flow may come practically to a dead stop and
must again be put in motion. This has a tendency to block the
sluices. However, where much fine material is present, the boxes can
be easily overloaded by either system. The downstream system per-
mits at any time a clean-up of the sluices as far as work has ad-
vanced, which is a valuable safeguard against theft and floods. How-
ever, with this system, when a pit is not completed by the end of
the season the following season’s work is handicapped, whereas with
the system of working upstream it is a simple matter to extend the
pit from where work was left off the season before.

PIPING OVER SIDE WITH LOWER SLUICE BOXES SET IN OR ON BEDROCK AND
TUPPER ONES ON OR ABOVE BEDROCK SURFACE

The chief benefit of raising the boxes is to obtain a steeper grade
than the natural conditions afford. In order to pass through enough
boxes to insure good gold recovery, the material from the lower
part of the pit must be piped upstream to a certain point before
it is piped over the side of the boxes. The tops of the boxes are
usually above bedrock at and beyond this point, hence most of the
material must be piped up the low incline of gravel alongside the
boxes. Some of the pressure water does not reach the boxes, so
more ground-sluice water must be turned in at the head.

The height to which the boxes are raised above bedrock is governed
chiefly by the size of the gravel and the hydraulic pressure. When
the heads of the boxes must be raised 8 to 10 feet above bedrock to
obtain enough slope, it is generally better practice to drive the ma-
terial from the upper part of the pit along to a point where it can
be more easily washed over the side of the boxes. The pressure water
should be under high head, so that most of the material can be
readily piped up over the side and the pit made large enough to
justify the set-up. The gravel should not be too coarse, otherwise
unusual quantities of the larger stones may have to be handled and
piled out of the way.

The method is used principally in the Fortymile, Circle, and
Seventymile districts (fig. 1, 37, 39, and 4I), and to a small extent
in some of the other interior districts where the creek placers are
8 to 12 feet deep after stripping.

PLACER ON EAGLE CREEK

On Eagle Creek, in the Circle district (fig. 1, 37), a frozen creek
deposit that averages 18 feet in depth and 150 feet in width is being

92405°—27——11
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hydraulicked ; the central 60 feet have been mined by drift workings.
In order to aid thawing and help sluicing, 6 to 8 feet of sandy
overburden are stripped with the giants, usually a season in advance
of actual hydraulicking. About 6 feet of medium-size pay gravel, 4
feet of sandy clay which pinches out at the edges of the channel, and
1 foot of schist bedrock are piped to the boxes. The gold is coarse.
Most of the bowlders encountered are the remains of old rock piles

T
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FI1GURE 46.—Method of piping over the side as used on Fagle Creek, Circle district.
A, Plan: A, B, and C, Giants; D, Unworked ground. B, Longitudinal section

from former drift mining. Many old drift timbers are also present.
The average grade of the creek is 125 feet to the mile.
Equipment.—The general pit arrangement and sluice-box set-up
are shown in Figure 46. A trench is first piped into bedrock and
into the bank ahead, and three or four boxes are set on a 9-inch
grade and light wings erected at the head. A head giant then pipes
out to grade a cut down the center of the proposed pit connecting
with these boxes. Ten or twelve more boxes are then installed on a
7-inch grade. Steel standards, fastened to each side of the boxes
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and meeting 4 feet above over the center of the boxes, support steel
plates 14 inch thick, 5 feet high, and 8 feet long, which hang from a
34-inch pipe running from one standard to the other. Although it
is the aim to pipe the gravel so it will just roll over the top of
the boxes and into them, these plates are necessary to stop flying
material and water from going beyond. During piping, the bottoms
of these plates are fastened to the opposite side of the boxes, as the
piping is generally done from only one side at a time.

The boxes are 36 inches wide (excluding the 11%-inch liners) and
are 24 inches deep. The bottom and sides are made of 114-inch
material. A heavy timber with a quarter section cut out so as to fit
over the top and upper outer side of the boxes is nailed along each
edge as a protection from the piping.

The upper 10 boxes or those on 7-inch grade are paved with
high-carbon steel plates 14 inch thick and cut square so they can be
turned as they become worn. These plates are laid on 2 by 4’5 run-
ning crosswise of the boxes, with a special spacing block placed to
leave a 2-inch space, which acts as a riffle, between plates. These
plates are used to save grade. The lower boxes are paved with 12-
pound rail riffles set lengthwise, spaced at 23-inch centers with cast-
iron spacers, and bolted together in sets 4 feet long.

Depending on conditions, the lower end of the boxes may be rest-
ing on bedrock, or a foot or so below, while the head of the boxes
may be 6 to 10 feet above bedrock, so that the tops at this point are
generally but a few feet below the surface of the gravel. Small
wings are erected at the head to guide the ground-sluice water.

The average pit mined from a set-up is about 150 feet square.
Eight field giants, four on each side of the boxes, are placed about
as shown in Figure 46. These are equipped with 3%4-inch nozzles
and use water under a 120-foot head. The stacker has a 314-inch
nozzle operating under a 135-foot head. Normal water conditions
permit the use of only one field giant and the stacker at a time, so
the field giants not in use are “ plugged.” During low-water perieds
water is impounded in a ditch reservoir, necessitating intermittent
operation or splashing for periods of about one hour; 8 to 10 of
these splashes are necessary per 24 hours.

Eaxplanation of diagram.—Giants B, which are first set on bed-
rock below the pit, pipe the material upstream into the field of
giants A and also drive some of it over the sides. The giants 4
do most of the piping over the side. The upper giant 4 drives the
material over the side at a point usually below the first or second
upper boxes and also drives it into the field of the others. Giants B
are, however, used mainly for taking up the lower gravel, clay, and
bedrock and for final cleaning, and are advanced upstream in stages.
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Giant ¢ does the stacking, and along with the inner giant B drives
the material lying alongside the boxes to points upstream for piping
over. The boxes are last cleaned up and removed, then giants B
and (' drive ahead the remaining material which was left alongside
and under the boxes and at points 2 onto unworked ground, to be
recovered in the next pit. Giant B finally pipes the short trench
for the lower three or four boxes to start the next pit.

Operating data—The average crew consists of six men, and two
12-hour shifts are worked when water is available. A complete set-
up for a pit, exclusive of moving the pipe lines, can be made in 24
hours. One set-up of the main pipe lines serves for two pits. Dur-
ing an average season two or three pits are mined. In 1921, 20,740
cubic yards were handled at an operating cost of 36.1 cents per cubic
yard and in 1922, 49,860 cubic yards at a cost of 19.96 cents per cubic
vard. During exceptionally dry periods only stripping ahead can
be done, as the water supply is then too low to permit the regular
hydraulicking. About $50,000 is invested in equipment and the
3 miles of ditch lines.

PLACER ON CROOKED CREEK

On Crooked Creek, in the Seventymile district (fig. 1, 39), the
creek deposit mined is 6 to 12 feet in depth, and the gravel is of
medium size, with but few bowlders. Bedrock formation is com-
posed of alternating beds of sandstone, shale, and conglomerate,
some beds being harder and more resistant and forming occasional
high ribs or reefs. A sticky clay sediment overlies all but the con-
glomerate formation. The average grade of the stream is 100 feet
to the mile.

The deposit is stripped with giants well ahead of mining, leaving
5 to 6 feet of gravel and 1 to 2 feet of bedrock to be mined. The
average pit mined is generally 125 feet long and 80 to 150 feet
wide, depending on water pressure and the width of the pay. The
trench is piped out and the sluice boxes are placed in much the
same manner as at Eagle Creek.

Sluice boves—Ten to fourteen boxes are generally set on a grade
of 8 inches to 12 feet. The lower end of the boxes is usually set
just below bedrock, while the head is 1 to 8 feet above bedrock; in
one set-up the head was 12 feet above, which was found to be much
too high for good work. The boxes are 30 inches wide and 24
inches high, constructed according to a regular design of 1-inch
sides and bottom, and paved with block riffles made up in sets and
held in place by special lining boards bolted to the sides of the
boxes. These liners are made up in sets 12 feet long, 2-inch boards
being bolted together, making them high enough to come flush with
the tops of the boxes.
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Old boards or slabs are nailed lengthwise to the side braces of
the boxes, and a 114-inch board strip is nailed lengthwise along the
top edge, so that the boxes are fully protected from the force of
the piping. Board aprons or backstops are hung centrally along
the boxes from standards of 2-inch pipe and are similar in principle
and purpose to those used at Eagle Creek (see fig. 24). At some
other operations board backstops are erected along one side of the
boxes opposite to the piping instead of being hung from standards.

Operation of giants—Four field giants are set—two on the bank
near each upper corner of the pit () and two at the lower edge of
the pit on bedrock (). The field giants use 214 or 3 inch nozzles,
depending on the water supply. These now operate under only a
60-foot head, although 150 feet was available at earlier work farther
down the creek. This low head is handicapping the operation and
a higher ditch is being constructed. The stacker giant ¢ with 3-inch
nozzle operates under a 70-foot head. The set-up is very similar to
that at Eagle Creek, and the piping is done in much the same way.

During low times of water the water is stored in the ditch reservoir
and used intermittently for short periods. The average water supply
permits the use of but one field giant and the stacker giant at a
time; then the practice is to complete one side of the pit before the
other side is piped. When a full head of water is available, piping
is sometimes done from both sides at once. The lower giant b
pipes the material diagonally upstream and as far to the head of
the boxes as practical before it is put over the side by this giant
and giant a, and the pit is piped well into bedrock. The material
alongside the boxes at the lower end is then piped to the upper end
by giant b and the stacker giant ¢ and piped over the side. Bed-
rock is then given final cleaning with a hose and nozzle outfit. From
6 inches to 3 or 4 feet of bedrock are piped up. Boxes are then
cleaned and removed and material remaining alongside and under-
neath is piped ahead on virgin ground for the next pit. Under
normal operation the flow of material through the sluice boxes is
about 6 inches deep. The bowlders are removed and piled by hand
on cleaned bedrock, the larger ones being broken with a sledge.
Six men are employed, and shifts of 12 hours are worked.

Operating data—One pit of 18,750 square feet (about 4,170 cubic
yards) was piped over the side in eight days with a full head of
water available. About 220 inches of ground-sluice water were
used, or about twice as much as the one field giant with 3-inch nozzle
used under a 60-foot head. The total water used, including that
for the stacker giant, was 455 miner’s inches, giving an approx-
imate water duty of 1.2 cubic yards. Twelve boxes can be installed,
the giants set, the bedrock drain prepared, and everything made
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ready for a new pit 125 feet long by three men in eight shifts.
Four men usually clean up the boxes in one shift. In 1922, with a
steady water supply under a head of 120 feet, 34,000 square feet of
ground 6 feet deep (7,555 cubic yards) were piped over the side in
10%% days of steady piping. Including the set-up and clean-up, 15
days were required. This record is the best that has been made here.
Where the water is used intermittently, it generally requires 25 to
27 days to pipe over a pit 125 by 150 feet and 6 feet deep (4,180 cubic
yards). During an average season, May 10 to September 15, about
five pits, or 75,000 to 80,000 square feet, are completed, and the
operating cost ranges from 5 to 7 cents per square foot, or 23 to 32
cents per cubic yard. About $5,000 is invested in the equipment
and $5,000 in the ditch line.

PIPING OVER SIDE WHEN BOXES ARE ON OR ABOVE BEDROCK

A method of piping over only one side of the boxes, which were
all elevated above bedrock and ran across or at angles with the
channel, was used for a time on Moose Creek in the Kantishna
district (fig. 1, 27). The creek deposit averages 10 feet in depth
and contains unfrozen medium-size round gravel. The bedrock is
a tough clay. A trench is first piped to grade in the gravel, cross-
wise or at an angle with the channel. Nine or ten lengths of sluice
boxes 40 inches wide are then installed in this cut on a grade of 9
inches, which usually brings the top of the head box about 2 feet
below the surface of the ground and the bottom of the last box a
foot or so above bedrock. These boxes are heavily constructed and
have timber guards on the lower side as a protection from the batter-
ing of the gravel. A heavy board apron or side about 8 feet high
is erected along the upper side of the boxes.

Two giants with 3l4-inch nozzles, under a 250-foot head, are set
up about 200 feet or so downstream from the sluices, so that each
can cover its field to the best advantage, and a third giant is placed
so that it can pipe the material into the field of the central giant
and also stack the tailing. A large quantity of water is turned into
the head of the boxes, as much of the giant water does not enter
them. The material is then piped upstream against the slight grade
and toward the upper half of the sluice, then up the incline of gravel
lving alongside the boxes and over their side, striking the apron
and falling into them. As piping advances upstream bowlders are
piled behind or at one side on cleaned bedrock. When all the mate-
rial has been put through the boxes, except that directly alongside
and under them. which is later driven on to the next set-up, the boxes
are cleaned up and removed. While this hydraulicking has been
under way another line of boxes has been installed about 200 feet
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farther upstream. Giants are then reset and the next pit mined.
Very little time is lost between pits.

At a mine in the Yentna district (fig. 1, 26) the boxes were ele-
vated above the ground but placed lengthwise with the channel and
the material was piped over the side, alternating from one side to the
other. No hanging plates or backstops were used. The method as
applied there did not prove advantageous.

COMBINATION OF PIPING OVER SIDE AND INTO HEAD OF BOXES

A combination of piping over the side and into the head of the
boxes, often termed the “circle” system of hydraulic mining,
affords some of the advantages of both methods. The combination
method is particularly applicable to hydraulicking gravel of average
size and medium depth where the grade is too flat for piping into
the head, or where the bedrock and other conditions are unfavorable
for piping over the side a pit of practical size. A longer pit can
generally be mined than would be practical by some of the other
hydraulic methods.

PLACER ON MASTODON CREEK

On Mastodon Creek in the Circle district (fig. 1, 37) a frozen
creek deposit which ranges from 15 to 20 feet in depth is being
hydraulicked after being partly drift mined. The overburden is
stripped with the giants well ahead of actual mining to aid thaw-
ing and reduce the depth to about 10 or 12 feet of gravel. The
gravel is mostly of medium size and contains an average number of
medium-size bowlders. Much of the schist bedrock is slabby, but
most of it can be cleaned with a giant, although the crevices require
hand cleaning. The average stream grade at the lower ground is 5
inches to 12 feet, increasing to 6 inches at the present workings
farther up the creek.

Water supply—The water supply is erratic, but under full head
will supply one field giant and the stacker. During periods of low
water about eight to twelve 10-minute periods, called “splashes,”
are used in 12 hours, the field giant alternating with the stacker
giant. The pressure water is obtained from two ditch lines at
different elevations, the average head being about 100 feet. The
size of the crew varies according to the volume of water available.
In a favorable season 10 to 12 men, working two 12-hour shifts, may
be employed, whereas in an unfavorable season only one shift may
be worked with two to four men.

Pits and sluice bowes.—Figure 47 shows the general set-up. At the
lower workings the pits are usually about 200 feet long and 150
to 200 feet wide, but on the upper ground the pits are only 80 to 100
feet wide, mainly because of the narrower channel. When a pit is
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opened, three or four boxes are first installed on grade below the pro-
posed pit, as deep in bedrock as conditions will permit, and small
wings are erected at the head. The trench down the center is then
piped out, the material going through these boxes. Then more
boxes, usually 8 to 10, are placed in this trench, and heavier wings
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Fi1GURE 47.—Combination method of hydraulic mining (circle systom) as used on Mastodon
Creek. 4, Plan: 4, B, C, and D, Giants. B, Longitudinal section

erected at the head. These boxes are 32 inches wide and 24 inches
deep, set on a grade of 7 to 8 inches. Block riffles (see fig. 24) are
used. The head box is usually placed about the center of the pit
and rests on bedrock; sometimes it is a foot or more above bed-
rock, but this should be avoided, for reasons stated under “ Piping
into the head.” After the bank has been piped down level with the
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tops of the boxes a board backstop about 6 feet high is built along
the side of the boxes, opposite the side being piped.

G'iants.—The field giants are first placed on top of the bank as
shown. In shorter pits the giants B may be omitted. When the
water supply permits, 314-inch nozzles are used on all of the giants,
and the amount from the ground sluices is about twice that provided
by one field giant. The giants ¢’ pipe the material upstream, and with
the aid of giants B drive it over the side of the boxes. The giants A
drive some material into the field of B and also drive a little over
the side, but they are used mainly for piping the material within
their field into the head of the boxes. Giants 4 and B may later be
moved down into the pit, especially if the bank is too high for effi-
cient hydraulicking. In finishing the cut the material alongside the
boxes is driven by €' and 7 over the side or into the field of 4 and
through the head box. The upper boxes are removed, and any re-
maining material is piped ahead to the next cut.

Operating data—When this method is used on some creeks where
grades are lower, and especially during a period of low water sup-
ply, the greater part of the pit is piped into the head of the boxes.
With a full head of water supplying one field giant and the stacker
steadily, one pit on the upper ground—100 feet wide, 200 feet long,
and averaging 10 feet deep—was piped to the boxes in 21 days,
four men working per 12-hour shift, at a cost of 10 cents per square
foot, or about 27 cents per cubic yard. This area was stripped of
6 to 8 feet of overburden for 5 cents per square foot. With average
“ splash-water ” conditions, it would have required about 50 days to
pipe in the 10 feet of gravel and bedrock this pit contained. The
average time required for installing 12 to 14 boxes, setting up the
giants, and other preparatory work is three 8-man shifts. The aver-
age clean-up takes one shift. With an exceptionally good water
supply, the operating cost for hydraulicking some pits by this
method, exclusive of stripping, has been as low as 15 cents per cubic
yard, but usually ranges from 25 to 50 cents per cubic yard.

DISPOSAL OF BOWLDERS

The generally low gradients and meager water supplies at most
hydraulicking operations materially increase the amount of heavy
material which can not be passed through the sluices, and its dis-
posal decidedly increases the cost of mining. All of the material can
rarely be passed through the sluice boxes, even after the larger
bowlders have been broken. All rocks too heavy for sluicing are
therefore piled to one side on cleaned bedrock or entirely removed
from the pit. At small mines this is generally done by manual labor.
Stiff-leg derricks, usually operated by hand, have proved very use-
ful where there are many large bowlders and the pit is small (fig.



162 PLACER-MINING METHODS AND COSTS IN ALASKA

48). The bowlders may be loaded on a stone boat drawn by horse
or mechanical power. The use of a steel stone boat operated by
cables from a donkey hoist, as practiced on Chititu Creek, is shown
in Figure 49.

Figres 48.—Difficult hydraulic mining in Iditarod district. Derrick for handling
bowlders

Some mines are equipped with overhead cables stretched across
the pit, along which traveling carriers are pulled by steam or water
power. Wire nets or stone boats are loaded with bowlders, the trac-

Fioree 40, —DBowlder disposal. Loading the steel stone boat

tion cable is tightened, and the load of bowlders is hoisted to the
carrier, hauled over the traction cable, and automatically dumped at
the desired place. Large derrick-and-cable outfits, especially when
operated by steam, have a very restricted field in Alaska.
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The larger bowlders are generally broken to facilitate handling.
The flat, soft, or friable ones can be readily broken by sledging.
The more rounded, hard, tough bowlders are blasted, generally by
“Dbulldozing ” or “ mud capping.” However, at several of the larger
hydraulic mines, such bowlders are drilled before being blasted (fig.
50), which makes a great saving in the amount of explosive re-
quired.

A deposit is being mined (fig. 1, 47) on Dan Creek in the Nizina
district, where an unusually large number of rounded bowlders,
chiefly of greenstone, limestone, and slate, are encountered. All
bowlders over 15 inches are broken by sledging and bulldozing and
put through the sluice, except those 6 to 10 feet in size, which are
undercut with the giants. rolled over, and left.

FIGURE 50.—Drilling a bowlder before blasting it, Crow Creek

At this property a total of 27415 shots was fired during the
season of 1922, or 357 per day. There were 14,075 pounds of 60
per cent straight dynamite used, costing 20.3 cents per pound. In-
cluding No. 8 detonators at $1.88 per box and triple-taped water-
proof fuse at 92 cents per 100 feet, the total cost for explosives was
$4,812, or 4.6 cents per cubic yard of ground mined. There was
0.59 pound of dynamite used per shot, or 0.13 pound per cubic yard
mined ; 0.26 shot'was fired per cubic yard mined, or 3.8 cubic yards
of ground mined per shot fired. Two men per shift are employed
for this work.

On Crow Creek in the Girdwood district (fig. 1, 49) about one-
fifth of the material mined is hard, round bowlders of granite and
graywacke. Some are sledged or “bulldozed ” but most of them
are drilled before blasting (fig. 50). All the material is put through
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the sluices. The usual bowlder crew consists of four men working
one shift. Three air drills equipped with 7g-inch hexagon steel
are used for drilling. The depth of the holes is 5 to 30 inches, and 40
to 50 steels are used per shift. About 300 shots are averaged per
day. In 1923, 114 tons of 60 per cent dynamite costing $11 per box,
25,000 detonators, and 72,000 feet of fuse were used. The com-
pressed air for the drills is produced by a 12 by 10 single-stage com-
pressor, belt-driven by a 20-inch Pelton water wheel operating under
a 150-foot head.
DISPOSAL OF TAILING

Tailing from hydraulic mines in the higher bench deposits can
usually be dumped over the bank into the stream below. With
grades generally not less than 12 inches in 12 feet, the tail boxes can
be extended from time to time and the tailing spread over worked-
out or barren ground. The grade of the surface must be much
steeper than that of the sluice to provide ample room for the tailing
below the end of the lowest box. -

Creek deposits and benches only slightly elevated above the stream
bed seldom afford these required conditions, and the tailing must be
stacked. This stacking is usually done with a giant or, where water
is scarce, by scrapers of the Bagley or slip-tooth type or by cableway
excavator, operated by steam. It may be practical to use part of
the water that would, be required by the giant stacker to provide
water power for a scraper. Horse-drawn scrapers were at one time
used, but they have been replaced by the cheaper mechanical methods.

In stacking tailing with water under pressure the stacker giant is
set beside the end of the sluice and the heavier tailing material is
piped into a pile, the lighter tailing being carried down the bedrock
sluice to the creek. On very low grades another giant is often set
farther downstream to boost along this lighter material and keep the
channel open (see fig. 51). Where there is much sand or fine ma-
terial in the tailing to be stacked, the efficiency is lowered, as the fine
material tends to run back into the sump. At some properties the
stacking may have to be continuous, and at others an hour or two
each shift may suffice; therefore the quantity of water required by
a stacker giant varies widely and may range from one-fifth to the
total amount required by a field giant. Where there is much heavy
material or tailing room is limited, the stacker giant may require
even more water than a field giant.

On Dan Creek tailing that holds many bowlders, some 15 inches
in size, has been stacked to a height of 52 feet by a giant with 4-inch
nozzle under 310-foot head.

At one mine on Mastodon Creek in the Circle district (fig. 1, 37)
tailing was stacked to a height of 35 feet without difficulty by a
3-inch nozzle under 100-foot head, the biggest stones being about 12
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inches in largest dimension. The tailing was at one time piped
up an inclined chute 4 feet wide and 3 feet deep, the bottom of
which was fitted with beveled steel-shod riffles set at an angle to
keep the sand and fine material from running back into the sump.
In general, the tailing can be stacked to a height of one-third the
head on the giant in feet and at a distance from the giant of one-
half the head. The height and length of the tailing pile are, how-
ever, also governed by the character of the material; so for efficient
giant stacking under average conditions the face of the pile should
be kept as long as practical and at an angle of slope not exceeding
25°.

Former practice in tailing disposal at Crow Creek was to extend
the sluices as the tailing accumulated. This required the addition

I'ieUre 51.—Stacking tailing with the giant

of one or two boxes a day, so that the sluice eventually contained
60 to 90 boxes. As enough water under pressure is available, 8 to
10 boxes set on 6-inch grade are now used and the tailing is stacked
with a giant. This method has been found to be more practicable
and cheaper than the old method.

Although there are no débris laws in Alaska, tailling should not
be dumped indiscriminately into the stream beds, but preventive
measures should be taken to impound it, so it will not be eventually
deposited over workable ground, the property of another, or pol-
lute his water supply. Fortunately there are now few instances
where this involves a serious problem or expense. Proper stacking
partly overcomes this, although in narrow valleys subject to high
floods exceptionally strong dams may be required.
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HYDRAULIC MINING COSTS

Hydraulic mining in Alaska normally costs 25 to 50 cents per cubic
yard, including seasonal preparatory work, labor and board, mainte-
nance of ditching, general supplies, and other operating expenses,
but excluding overhead or capital charges. Wages, with board and
lodging, generally constitute 85 to 95 per cent of the operating cost.

If an ample water supply is available and other conditions are
generally favorable, it is possible to mine for less than 25 cents,
while under adverse conditions the cost may reach 75 cents to $1 per
cubic yard. There are several instances known where hydraulicking
has cost over $1 during an adverse season.

Some hydraulicking has been done, particularly on the deep
benches, for about 10 cents per cubic yard, but conditions were
exceptional. Years ago the deep lake-bed deposit near Juneau was
hydraulicked for around 6 cents per cubic yard under very favor-
able operating conditions. In general, it can be stated that the
operating cost over a period of years will rarely average less than
20 cents per cubic yard for the hydraulicking of bench deposits
and 25 to 30 cents per cubic yard at the creek operations, and only
then when conditions are more favorable than usual. The cost of
hydraulic mining at any particular operation is largely determined
by the water supply, therefore a comparatively low cost may be
realized during a favorable season, while during a dry one the cost
may be two or three times higher.

COSTS OF TYPICAL MINING PROJECTS

Some typical mining costs have already been given; others are
given below. Near Nome one placer in creek gravel 16 feet deep cost
30 cents per cubic yard, another in 6-foot ground, 26 cents. Both
stacked the tailings with a giant. In the Iditarod district, on the
Upgrade Association property, almost unlimited grade is available,
but other conditions are adverse for hydraulicking (fig. 48). The
cost there ranges from 50 cents to $1 per cubic yard, and in some of
the creeks near by, 85 to 50 cents. In the Yentna district, where the
water supply is fairly reliable, unfrozen medium-size creek gravels 5
to 9 feet deep are mined for 5 to 714 cents per square foot, or 25 to 35
cents per cubic yard. During unusually dry seasons the cost may be
40 to 50 cents or more.

In the Hot Springs district four small placers on shallow high
bench deposits, averaging 5 to 10 feet deep, were hydraulicked in
1922 with water under heads of 30 to 80 feet, mostly used in
“splashes,” at costs of 314 to 714 cents per square foot, or 19 to 27
cents per cubic yard. A total of about 200,000 square feet, or 45,000
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cubic yards, was mined at these four workings during the season. No
stacking of tailing was necessary. Another better-equipped plant
near by under similar conditions mined 40,000 cubic yards averaging
7 feet in depth for 15 cents per cubic yard. During a previous year
with steady water a somewhat larger area averaging 6 feet in depth
was mined there at a cost stated to have been 12 cents per cubic yard.

In the Fairbanks district 15 feet of frozen creek ground were mined
for 54 cents per cubic yard. Gravel was heavy, and the creviced
blocky bedrock required hand cleaning. Tailing was stacked by
giant. In the Rampart district a low-lying sloping bench 10 to 40
feet deep, composed of 8 to 10 feet of gravel overlain by muck, all
frozen, cost 20 cents per cubic yard. All the material went through
the boxes. The tailing was stacked. One mine on the Kenai Penin-
sula hydraulicked creek gravel 6 feet deep during one season, with
a large water supply available under a 300-foot head for 20 cents a
cubic yard.

HYDRAULIC ELEVATORS

Hydraulic elevators are inefficient machines but are adapted to
mining placers where conditions do not favor ordinary hydraulick-
ing or dredging, but where an abundance of cheap water under high
pressure is available. They are chiefly used to provide satisfactory
sluice gradients and dump room in mining flat-lying placers and
those where bedrock lies below the drainage level, so that the work-
ings can not be naturally drained.

The gravel should be comparatively small, otherwise it may be
necessary to remove an excessive quantity of stones too large to
enter the throat of the elevator. Elevator practice has special
advantages in placers containing stiff, sticky clay, as the clay is
further disintegrated and washed when it is sucked up the elevator,
strikes the hood, and falls into the sluices.

Hydraulic elevators are used principally on the Seward Penin-
sula, where favorable water supplies are generally available. They
are but little used in the interior districts, where some half dozen
operations have small elevators with lifts of 6 to 15 feet. There
are, however, some creek deposits being hydraulicked and the tail-
ing stacked where the use of an elevator would be more practical,
although in general the field of use for the elevator in Alaska is
very limited.

PRINCIPLE OF OPERATION

The principle of the hydraulic elevator is similar to that of a
steam injector, in that a jet of water under pressure causes suction
which draws a stream of air, water, and gravel through the intake
and forces it up an inclined pipe, discharging into the sluice. There
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are a number of well-known makes of hydraulic elevators that act
on this principle but differ in details of construction. One make
has an auxiliary inlet on each side of the main intake for use when
the main intake chokes; by extending these inlets the low places in
bedrock can be drained. Its general construction produces higher
efficiency and tends to reduce the wear and tear on the machine.

Proper regulation of the amount of air admitted and correct
adjustment of the dimensions of the elevator, more especially the
nozzle, throat, and upraise pipe, are of main importance in elevator
construction. Hydraulic elevators are made in various sizes, with
throats 5 to 18 inches in diameter and upcast pipes 8 to 30 inches,
and for use with nozzles 2 to 8 inches in diameter.

The importance of an abundant water supply under pressure is
explained by the fact that one-half to two-thirds of the available
pressure water (generally the higher amount) is required by the
elevator, leaving only the smaller portion for breaking down and
driving the material to the elevator. The capacity varies with the
ratio of the pressure head to the height of lift, and the effective head
and volume of the water, the regularity of the flow of water and
material to the elevator, and the duty of the water from the giants.
The latter is a principal factor in determining the size of an ele-
vator. The weight of solid material that the elevator will lift under
ordinary conditions is usually about 2 to 3 per cent, at the most
5 per cent, of the total weight lifted. Much seepage water reduces
the capacity of the elevator and chokes it. A water lift, which is
virtually a small elevator with a suction pipe instead of an open
intake, must often be installed to handle this excess water.

The proper angle of inclination for the elevator pipe depends on
the character of the ground and the friction of material in the pipe,
and may vary from 42° to nearly vertical, but is generally 60°
to 70°. The height to which the material can be elevated is ordi-
narily 10 to 20 per cent of the effective pressure on the elevator
nozzle, although by the use of compound lifts the height of the lift
may be nearly doubled. The depth of ground that can be mined de-
pends on the pressure head available, the size of the material,
the inclination of the upcast pipe, and the height above bedrock
surface at which the sluices must be placed to obtain the necessary
grade. The pit should be deep enough to permit mining a large
area from one set-up of the elevator, but not so deep as to require
excessive lifts. Depths of 18 to 25 feet are generally considered most
favorable under average conditions.

ARRANGEMENT OF EQUIPMENT

Hydraulic elevator pits, as mined in Alaska, are generally about
1 to 5 acres in area. When an area is opened, a pit 10 to 15 feet
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square is sunk from the surface to 6 to 10 feet in bedrock. The ele-
vator is installed in this pit, which should be located at the lowest
point of bedrock to insure good drainage. In wet ground a water
lift may be required in sinking the pit, and some timbering may be
necessary. Some elevators are so constructed that they can be set up
on the surface and will sink their way to bedrock. After elevating
is under way and much seepage water must be handled another sump
is dug several feet deeper in bedrock and a water lift is installed.

The part of the elevator exposed to battering by material from the
giants is usually protected by a board covering. After the elevator
has been installed and securely braced the sluice boxes are set (fig.
52). The upcast pipe enters at the bottom of the head box. This
head box is inclosed at the back and top, and the latter is protected
by a striking plate or a curved hood of heavy manganese steel. The
head box has a grade of 4 to 5 inches; the grade of the other boxes
increases 1 inch on 12 feet after every two or three boxes.

F16uke 52.—Installing hydraulic elevator and sluice boxes ncar Nome

The tailing is generally dumped into a worked-out pit, but may
have to be removed from the end of the sluice and stacked by a giant,
as occasion demands. The field giants are first set on top of the
bank, and as the pit widens are moved down into it (fig. 53). In
large pits the material is piped along to the booster giants, which
drive it to the elevator. The system of piping is similar to that for
piping into the head. The material may be piped into bedrock
sluices leading to the elevator, and often steel chutes are laid on
bedrock to transport the material. The elevator will take bowlders
about one-half inch smaller than the diameter of the throat. The
oversize must be kept away, and at many plants a grizzly or grating
to keep out oversize is placed ahead of the intake.

Where seepage water is troublesome, it may be necessary to leave
a strip of ground between the pit and the creek channel, or between
different pits. At one mine the elevator was installed with its back
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to a completed pit, and after the elevator was started a dam rein-
forced with brush was built, between the new and the old pits, with
tailing from the sluices.

ELEVATOR MINING ON LITTLE CREEE, NEAR NOME

The largest elevator workings in Alaska are on and near Little
Creek in the vicinity of Nome, but since the large dredges were
started there mining with elevators has been greatly reduced in
scale and will soon be discontinued. The deposits mined range from
15 to 40 feet in depth, and except for some small irregular areas
are permanently frozen. The moss and 2 to 10 or more feet of
muck and top gravel are first removed with giants, much of this
material being elevated. The depth and character of the gravel vary
but it is mostly of medium size with an average amount of bowlders.

Ficuke 53.—O0pening elevator pit, driving to elevator

Clay is mixed with much of the gravel and overlies some of the bed-
rock. The bedrock is slate, schist, and limestone, the latter being
very slabby, creviced, and irregular.

Up to 1923, during each annual working season elevator mining
at Little Creek was usunally conducted in four pits, each completed
pit ranging from 3 to 5 acres in area. A total of 100 to 125 men
was employed. The average operating season was from about June
10 to October 15. All of the pits could not be worked throughout
the entire season, but 330,000 to 550,000 cubic yards, depending on
the water supply, were mined each season, or 1,000 to 1,500 cubic
yards a day per pit. Two 11-hour shifts were worked with 10 to 15
men and one or two teams of horses in each pit. The available head
of the water delivered to the pits is 290 to 310 feet. Although six or
more field giants were eventually set up in a pit, as a rule only two
giants and the elevator were working at the same time.
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EQUIPMENT

The field giants were usually equipped with 3-inch and 31%-inch
nozzles, but 21%4-inch sizes were used when the water was low. In
each pit was an hydraulic elevator with 10-inch throat and 18-inch
upcast pipe. As a rule, elevator nozzles 41/ inches in diameter were
used for lifts up to 40 feet and a larger size for higher lifts. The -
elevator was set on an angle of 62.5°, the lift ranging from 30 to 55
feet. Each elevator used 450 to 550 miner’s inches of water, a total
of 750 to 1,000 inches at each pit. The tailing was stacked at inter-
vals by a giant with a 3-inch nozzle. Booster giants were used and,
in rough bedrock, steel sluices. All oversize rocks were loaded onto
stone boats and hauled by team to one side or out of the pit.

The hood or head box was 12 feet long, 4 feet wide, and 4 feet
high, and paved with block riffles. The other boxes were of steel,
8 feet long, 4 feet wide, and 2 feet high. The head box was set on a
grade of 5 inches on 12 feet ; the upper four to six boxes had a 6-inch
grade, and the rest a 7-inch. From 150 to 180 feet of these sluice
boxes were set and equipped mostly with 16-pound rail riffles placed
lengthwise and some angle-iron riffles placed crosswise. The rails
were bolted together in sets, with 114-inch spaces. The corner of
each set was fitted with a cast-iron block and the blocks joined; a
square steel bar could be fitted into them and keyed under a steel
shoulder running lengthwise along each side of the boxes to hold the
. riffles in place. There was much fine rusty gold that was difficult
to save, so on some sluices the lower 24 feet were made 8 feet wide
and given a little higher grade.

About three days were generally required for sinking a pit through
the gravel and 8 or 10 feet into bedrock, and one day to install the
elevator. The elevator throats were of manganese steel and re-
placeable. When lifting sand, gravel, and bedrock they lasted about
three months or would handle about 100,000 cubic yards; in this
time they had become enlarged to 13 or 14 inches. The gold was
mostly heavy, and very little was recovered in the head box, most
of it being caught in the next two or three boxes. Virtually no
gold was recovered in the elevator sump. One season’s clean-up
recovered only 7 ounces from the sump. The crevices and potholes
were cleaned by hand, 10 to 25 men doing this work, and the material
was wheeled to the elevator or often shoveled into small sluice boxes
set up for this purpose. Unless this material contained from 214 to
3 cents worth of gold to the pan, its recovery seldom paid.

COST AND PRODUCTION

In 1921, when four pits were being worked, 550,000 cubic yards
were mined at an average operating cost of 35 cents per cubic yard,
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including about 315 cents for maintaining ditches. The average
annual operating cost has been 40 to 50 cents per cubic yard. The
average duty per miner’s inch of all the water used in frozen ground
was 1 to 114 cubic yards, and in partly frozen ground, 11} to 134
cubie vards.

HYDRAULIC ELEVATOR MINING ON INMACHUCK RIVER

On the Inmachuck River a hydraulic elevator with a 9-inch
throat, a 4-inch nozzle, and a lift of 37 feet and set on a 62° angle
is used under a 350-foot head. Two or three giants and one stacker
giant with 3-inch nozzles are used (see fig. 54). Two shifts of 10
hours each were worked-—six men on the day shift and three at
night—in the pit: six men were also employed on the ditch. The

Ficurg 54.—Elevator and sluices

deposit is frozen and averages 20 to 25 feet in depth, about half being
muck overburden which is first removed.

In 1924 a pit 515 by 460 feet was mined at a cost of 17.2 cents per
square foot. About 53,000 cubic vards of gravel and bedrock were
put through the elevator in 64 days at a cost of 47 cents per cubic
yard. The cost in 1923 was about 35 cents per cubic yard. The
average operating season is 85 to 90 days.

HYDRAULIC ELEVATOR MINING ON OSBORXNE CREEK

On Osborne Creek a hydraulic elevator with a 10-inch throat and
4-inch nozzle, operating under a 170-foot head and on a 72° angle, lifts
15 feet. The deposit, which is partly frozen, averages 9 feet in depth
and is coarse gravel: the bedrock is clay and is easily cleaned with
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the giants. Two giants with 314-inch nozzles are used in the pit,
and tailing is stacked at intervals with a 3-inch nozzle. From 65 to
72 feet of sluice boxes 3 feet wide, set on grades of 7 or 8 inches on
12 feet, are used in the set-up. The head boxes are paved with rail
riffles, set both crosswise and lengthwise with the bottoms up. Block
riffles are used in the other boxes. Usually about 214 feet of sod
and light overburden are stripped before the elevator is used. The
pits are 200 to 250 feet wide by 175 to 200 feet long. With average
water a pit is completed in three weeks. Ten men are employed.
Except for the heavy wash, operating conditions are favorable.
The operating cost is 20 to 35 cents per cubic yard.

HYDRAULIC ELEVATOR MINING ON OPHIR CREEK

The Wild Goose Mining & Trading Co. formerly conducted large
elevator operations on Ophir Creek in the Council district (fig. 1, 4)
and from 1908 to 1910 handled 96,000 to more than 150,000 cubic
yards annually of gravel averaging 8 to 11 feet in depth. The work-
ing costs, including all mining charges, depreciation on equipment,
and charges for management, were 11.82 to 18.41 cents per square
foot, or 39.6 to 46.2 cents per cubic yard.*

More recent elevator work at this property was in ground 4 to
10 feet deep where most of the bedrock was slabby limestone, very
irregular and difficult to clean. Mining was conducted during only
part of the working season, depending on the surplus water supply in
the ditch and the length of time that could be spared from dredging
by the hydraulic crew of five men. From 1918 to 1921, inclusive, a
total of 96,885 cubic yards was elevated at an average operating
cost of 31.27 cents per cubic yard, exclusive of depreciation and
management, but including the proportional charge for ditch main-
tenance. It is customary at this operation to charge depreciation on
equipment only at $1,000 per year, but this item is not included in
the following table of operating cost.

Hydraulic elerator mining costs, Wild Gouse Mining & Trading Co., Ophir Crezk

1918 1919 1920 1921

o $3,648.50 | $4,339.70 | $5,281.10 |_.
1,351. 60 1, 45, 46 1,744. 80
29, 55 10. 25 7L25 1 _.
683. 09 780, 85 482.77 |
1,968. 43 1,017.35 756.75 |_.
84. 56 35. 30 53, 04
450. 61 337.98 233. 80

8,276.34 8, 066. 89 8,623. 51

Board and lodemg
Supplies. -

Freight and team ..
Ditch maintenance...
Melting and transpon. -
General expense

Areamined. . ... ... square feet. || 84,125
Average depth________ . (11 N P R 9.34
Cubic yardsmined....__.__. .. _____________.__________| 38, 040 11, 050 29,111
Cost per cubic yard.. - -

4 Munroe, C. H., and Lanagan, W. H,, Mining Engineers’ Handbook, 1918, p. 792.
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HYDRAULIC ELEVATOR MINING IN IDITAROD DISTRICT

Two small properties in the Iditarod district (fig. 1, 27) are being
mined by hydraulic elevator. The deposits, including top soil, are
12 to 16 feet deep and the overburden is first removed, leaving 4
to 6 feet of material to be elevated. An area of 20,000 to 35,000
square feet of bedrock is mined per season at each mine, by a crew
of four to six men. The elevators are made of heavy pipe 8 inches
inside diameter, with a 21% or 3 inch nozzle fitted to the bottom.
The material enters through an opening cut out of the side of the
pipe. The elevators are set at angles of 78° and operate under 45
to 55 feet of head, with lifts of 6 to 8 feet. From 36 to 72 feet of
24-inch sluice boxes are used in the set-ups. One giant with a 114
to 21% inch nozzle pipes the material to the elevator. During the
greater part of the working season water is only available for inter-
mittent use. The tailing is periodically stacked with a Bagley
scraper. The operating costs average 45 to 55 cents per cublic yard.

RUBBLE ELEVATORS

Rubble or grizzly elevators can be used under conditions similar to
those required for hydraulic elevators, but the pit must have natural
drainage. The advantages of the rubble are its comparatively low
first cost (as it can be constructed at the property), ease of moving,
and capacity for handling heavy bowlders. Haley* states that it
was successfully used in California. The rubble has been used at a
placer on the Kenai Peninsula and at several placers on Seward
Peninsula. The only rubble elevator now being operated in Alaska
is on Candle Creek (fig. 1, ¢), Seward Peninsula.

The elevator on Candle Creek is an inclined chute 814 by 52 feet,
with 10-foot sides at the lower end and 6 feet at the upper (fig. 55).
It is set on a slope giving a 17-foot elevation at the top or discharge
end. The lower 22 feet and the detachable apron have a solid bot-
tom. The upper 30 feet has a bottom of steel-shod grizzly bars of
215 by 514 inch timbers set transversely and spaced 11/ inches apart.
Underneath the grizzly is a chute sloping down to the sluice boxes.
All parts subjected to scouring are lined with -inch steel. The
sluice boxes, which are set at right angles to the elevator (fig.
55), have a total length of 36 feet, are 4 feet wide, slope 1 inch
on 1 foot, and are paved with steel-shod Hungarian riffles. The
framework rests on two heavy sills, mounted on rollers. Four men
with a capstan and cable can move the elevator. It weighs about
15 tons and cost about $3,000.

The deposit mined is frozen and varies in depth, but the muck
overburden averages about 30 feet and the gravel 7 feet. The gravel

“ Haley, C. 8., “Elevating 10-cent gravel at a profit; rubble elevator operation™:
Min. and Sci. Press, vol. 104, Apr. 13, 1912, p. 530.
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is of medium size, with few bowlders over 1 foot thick. Most of the
gold is coarse. The bedrock is schist and has a grade of 1.6 feet on
100 feet. The muck is first removed by hydraulicking to permit
thawing, at a cost of about 5 cents per cubic yard. The average
depth mined with the elevator is 9 feet, including 1 or 2 feet of bed-
rock.

The elevator is set at the lower end of the proposed cut, the lip
of the apron being set 1 foot in bedrock. Two-inch board wings are
erected on each side.

OPERATING DATA

The average pit mined with the elevator from one set-up is 75 to
100 feet wide and 300 feet long. A giant with a 4-inch nozzle is
placed about 50 feet from the elevator, and two or more field giants

Fisrre 535.—Rubble elevator on Candle Creek, Fairhaven distriet

with 3 to 314 inch nozzles drive the material to the elevator giant.
This giant drives small quantities at a time up the elevator. The
fine material containing the gold is washed from the heavy rocks,
then washed through the grizzly. Unless this is carefully done
much of the gold may be lost. A swinging gate or apron near the
upper end of the grizzly aids in keeping any fine material from
being driven over the top. The heavier rocks, when washed clean,
are driven up and over the top of the grizzly. When the rock dump
builds up, planks are laid thereon and the pile is extended, often
higher than the elevator. When the height exceeds practical limits
the pile is flattened with the stacker giant. The tailing from the
sluice boxes is stacked as occasion demands. With 400 miner’s
inches of water under a 200-foot head, an average of 600 cubic yards
can be mined in 24 hours; giving an average water duty of 114 cubic
vards. Three to four shifts are required for a new set-up. Three
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to four men are engaged in the elevator pit per shift. Usually
enough water is available for mining about 50 days of each working
season. From 20,000 to 40,000 cubic yards of gravel and bedrock
are elevated during a season, and from 75,000 to 100,000 cubic yards
of muck are stripped.

DREDGING

HISTORY OF DREDGING IN ALASKA

The first gold dredge in the Yukon was started on the Lewes River
in 1899. During that same year a dredge was started on Snake
River at Nome, although active dredging really began in 1903 with
two small dredges on the Seward Peninsula. Gold dredging started
in the Fortymile district (fig. 1, 4Z) in 1907 and in the Iditarod,
Circle, and Fairbanks districts (fig. 1, 21, 37, and 33) in 1912. The
number of dredges increased rapidly, and in 1914, 42 were at work,
producing 22 per cent of the Alaska placer-gold output for that year.
In 1916 only 34 were active. Although the number of dredges oper-
ated since 1914 has decreased, the percentage of the gold output won
by dredges has increased. In 1923, 25 dredges produced 51 per
cent of the annual placer-gold output. In 1924, 28 dredges operated;
18 of these were on the Seward Peninsula and 10 in the interior dis-
tricts, although four of the Seward Peninsula dredges ran for only
about one month. Annual statistics on the number of gold dredges
operated, the production, and the average quantity of gold recovered
are given under “ Production.”

FUTURE OF DREDGING

Although many dredges have been operated in Alaska and much
gold has been won, most of the dredging has been conducted on a com-
paratively small scale, due mainly-to operating conditions and the
character and extent of the deposits. The more favorably situated,
richer, shallower deposits were dredged first, and permanently frozen
areas avoided as much as possible. Recent advances in cold-water
thawing have been of the greatest importance to Alaska gold dredg-
ing by making possible the working of large areas of so-called low-
grade ground formerly regarded as too lean or too deep to be suc-
cessfully thawed. The development of the Diesel engine and other
means of reducing power costs and improved transportation facil-
ities to the interior districts served by the Alaska Railroad have also
favored dredge operation and development. Conditions have be-
come more satisfactory for acquiring the different small holdings
necessary to make a dredging area. Two fields in Alaska have been
made available for large-scale operations. The year 1923 witnessed
the beginning of such operations at Nome, and all indications point
to an extensive dredging program in the Fairbanks district.
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Alaska gold dredging is entering a new era, with prospects for
success, particularly in the Nome, Fairbanks, and Kuskokwim dis-
tricts. Much encouraging prospecting has been done during the
past few years, and the results indicate that six or eight new dredges
will be started within the next two or three years. Some small
dredges that have been idle will resume operations in the near
future, although five or six of the present active dredges soon will
have exhausted their ground.

FACTORS DETERMINING DREDGING

Dredging possibilities in Alaska lie mainly in deposits formerly
mined by other methods, including creek placers, low benches, ele-
vated beach lines, and gravel plains. In these known fields low-
grade gravels and wet areas that could not be mined successfully
have been left. In former mining gold was lost in the tailings,
and much gold may have been left where creviced, slabby bedrock
was encountered. In fact, it has become almost axiomatic among
dredge operators on the Seward Peninsula that any ground can be
dredged profitably which has been worked profitably by hand
methods, even when it has been worked over several times. Al-
though the fact that such ground has produced gold is indicative,
it is risky to install a dredge without thorough prospecting. Nu-
merous failures have resulted from such procedure; prospecting is
especially necessary in ground that has been cut up by former min-
ing. Known placers that have not been mined to some extent, ex-
cept possibly thawed, water-soaked deposits or properties acquired
by dredging interests soon after discovery, seldom contain enough
gold for profitable dredging.

Experience and sound judgment are essential in determining the
dredging possibilities of a deposit. All the physical and economic
features affecting dredging must be determined before a dredge best
suited to a particular deposit can be selected. A volume of gravel
must be assured which will repay all invested capital and leave a net
profit commensurate with the undertaking. The surface conditions,
the depth and character of the overburden, the value, character, and
distribution of the gold or other valuable content, the depth, char-
acter, and extent of the deposit, the presence and extent of frost, the
character and contour of bedrock, and the underground water level
should all be determined by prospecting. Accessibility, transporta-
tion facilities, climate, length of the operating season, water supply,
cost of labor, supplies, fuel, or power, and the cost of the property
or royalties, taxes, and titles must be investigated, as all of these
features affect mining costs. Adverse factors that reduce the dig-
ging capacity of a dredge and may prevent profitable dredging in-
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clude frozen ground and the presence of stiff or sticky clays, bowlders,
slabby or hard bedrock, and high bedrock gradients.

DATA ON DREDGES

The following tables on Alaska gold dredges have been compiled
from field data and from operators. Kach season shows changes in
the number of dredges operated, location, management, and mechan-
1cal detail. Eight or ten dredges that have been idle for a number
of years and show no indication of future activity have been
omitted. The tables are as complete as it is practical to make them.
The daily yardage dug by the dredges fluctuates, but many of the
figures given are averages derived from operating data. The amount
of water used for sluicing can be stated only approximately. The
table giving the physical condition of the placers dredged by the
different dredges explains in a general way the application of the
different sizes and types of dredges., daily yardage handled, and
some of the difficulties that may be encountered.

TYPES OF DREDGES

The bucket dredge of the single-lift type is now the only kind in
use.  During the early days of dredging around Nome many so-
called land dredges, often of freakish construction, were operated for
short periods. Dipper and suction dredges were also tried, but none
of these was a success. Moreover, many of the earlier bucket dredges
failed.

Selection of the wrong type or size of dredge has often led to
failure. Many dredges are too large for shallow deposits, necessitat-
ing the digging of much additional bedrock or the construction of
dams to float them. In general, large dredges are unsuitable for
Alaska, except in the more accessible districts (such as Nome and
Fairbanks) where a large volume of gravel 20 or more feet deep is
assured. The size is also governed by other operating conditions and
the capital available. The most practical sizes for average Alaska
conditions are the 214 to 5 cubic foot bucket dredges.

As a dredge is usually far removed from the source of replace-
" ments, it should be strongly constructed to lessen possibility of a
serious breakdown. The dredge is put in repair before starting and
is expected to operate throughout the season. Ome serious break-
down may cause the loss of much time and money. A large stock
of additional parts should be kept on hand, and in isolated districts
a machine shop must be maintained. An oxyacetylene welding out-
fit is indispensable for repairing broken parts, building up tumbler
plates, mending buckets, etc. '
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FLUME OR SINGLE-SLUICE DREDGE

The flume or single-sluice type of dredge has been developed for
dredging relatively narrow, shallow, rich creek placers with coarse
gold in easily washed material. Flume dredges are of light draft

Figrge 56.—A 134-cubic foot flume dredge, formerly on Warm Creek

and construction and are usunally operated by distillate engines. The
buckets discharge directly into the head of the flume, and the tailing
is dumped astern. The depth of ground that can be dredged ranges

Figuvre 57.—The 2li-cubic foot distillate-driven flume dredge on Yankee Creek

up to 12 and 15 feet and is limited by the disposal of tailing. For
satisfactory operation the gravel and bedrock must permit easy
digging and free sluicing (see figs. 56, 57, and 58).



Additional details of Alaska gold dredges

Bucket line Revolving screens Pumps Stacker or conveyer
) Normal
Operator Num- ilggg‘e‘;' Anchorage Dimensions, | Perforations, Size of dis- | gallons, | Length, w]?ggl
inel ) i g v M i
ber minute feet inches charge, inches | w r;;xtxelfl E)eer feet inches
Alaska Dredging Association__________ . _______________ 31 18 | Lines____..___ 5
Alaska Investment & Development Co.____.____.___._.._.. 32 14 | Spuds......__.

Alaska Kougarok Co.._____________.
Alaska Mines Corporation______
Bangor Dredging Co..._.__..___
Bering Dredging Corporation__.
Candle Creek Dredging Co_.____
Casadepaga Mining Syndicate. -

081

E8wwaommwn— | Dredge No.

12

Crooked Creek Dredge..........
Dexter ("reek Dredging Co._..__
Dime Creek Dredging Co.._______
Eskimo Gold Mining Co.._._._.______

Hammon Consolidated Goldfields Co. No. 1__.__._____._.._.

Hammon Consolidated Goldfields Co. No. 2_.
Hammon Consolidated Goldfields Co. No. 3.
Iverson & Johnson_.____....._....._._
Luther Gold Dredging Co.........
Northern Light Mining Co.______
Shovel Creek Dredging Co..._____
Swanson Creek Mining Co....________
Wild Goose Mining Trading Co. No. 1 .
Wild Goose Mining Trading Co. No. 2 _
Cache Creek Dredging Coo_ ... ...
Berry Dredging Co_________________
Fairbanks Gold Dredging Co. No.1..
Fairbanks Gold Dredging Co. No. 2%_
Chatham Gold Dredging Co__.____.
Riley Investment Co............
Northern Alaska Dredging Co__
Flume Dredge Co...

Innoko Dredging Co.
Guinan & Ames Dredging Corpor
Kuskokwim Dredging Co.b. ... ...

1, 7 by 12; 1,
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Table and sluice data

Flume di-
mensions,
feet

Operator

Gold-sav-
ing area,
square

feet ¢

Grade of flume or
main tables

Riffles 4

Save-
all
area,
square
foet

Alaska Dredging Association.___.___________
Alaska Investment & Development Co_
Alaska Kougarok Co..____._.________
Alaska Mines Corporation.
Bangor Dredging
Bering Dredging Corporation__
Candle Creek Dredging Co____
Casadepaga Mining Syndicate_
Crooked Creek Dredge...___..
Dexter Creek Dredging Co..
Dime Creek Dredging Co__.
Eskimo Gold Mining Co
Hammon Consolidated Goldfields Co. No.
Hammon Consolidated Goldfields Co. No.
Hammon Consolidated Goldfields Co. No.
Iverson & Johnson._....__.._.._.___
Luther Gold Dredging Co__._.
Northern Light Mining Co._._
Shovel Creek Dredging Co--_..____________.

Swanson Creek Mining Co-______..______.._
Wild Goose Mining & Trading Co. No. 1_
Wild Goose Mining & Trading Co. No. 2.
Cache Creek Dredging Co._._____._.
Berry Dredging Co__...._____..__.
Fairbanks Gold Dredging Co. No. 1_
Fairbanks Gold Dredging Co. No. 2 ¢
Chatham Gold Dredging Co.........

215 by 60____

Riley Investment Co__.._..._. .| 8% by 75....
Northern Alaska Dredging Co. | 8by 7.
Flume Dredge Co | 2¥5 by 74.___
_____ [5 (¢ T | 28 by 4.
Innoko Dredging Co________.__.__. 12,2 by 75
Guinan & Ames Dredging Corporation______| 214 by 75____
Kuskokwim Dredging Co.bo_.______________ None_._.....

10 inches to 12 feet.
114 inches to 1 foof _
114 inches to 1 foot
114 inches to 1 foot _
3{ inch to 1 foot___
10 inches to 12 feet
10 inches to 12 feet _
114 inches to 1 foot
9 inches to 12 feet_ _
134 inches to 1 foot .

1}4 inches to 1 foot_{__

114 inches to 1 foot.

114 inches to 1 foot_|._

12 inches to 12 feet
“12 inches to 12 f
12 inches to 12 feet.

1 inch to 1 foot . _
1inch to 1 foot____
10 inches to 12 feet_
10 inches to 12 feet .
1}4 inches to 1 foot .
1Y% inches to 1 foot.
1inch to 1 foot._._
linch to 1 foot.___
1 inch to 1 foot____
10 inches to 12 feet..
10 inches to 12 feet .
18 inches to 12 feet_
10 inches to 12 feet .
1 and 14 inches to
1 foot.

Rail and MnL
Aland MnG._.

MnG, rail, AT
Rail and AL .

Approxi-
mate
total

weight of]

dredge,
tons

Size of hull, feet

Original builder

24 by 44 by 4%.___‘

30 by 60 by 535 ___
34 by 60 by 515____
38 by 74 by 5Y5____
36 by 92 by 6}4____
30 by 60 by 5}8..__
30 by 62 by 5.
28 by 60 by 5.
28 by 50 by 315__

4415 by 86 by 7.
56 by 140 by 11}4._.
56 by 115 by 1115__
25 by 50 by 3__
30 by 60 by 54. .
28 by 60 by 514 ..
30 by 60 by 5.-__._

30by 60 . _.
36 by 75 by 644_.__
32by 96, ..
55by 87 by 725_ ...
40 by 66 by bla____
40by 90 by 6.
38byv90bys ...
22V5 by 46 by 4.
30 by 6215 by 534__
30 by 60 by 5%_._.

26 by 50 by 414____
36 by 90 by 615 __.

Union Construction Co.
Do.
Risdon Iron Works.

€).
Union Construction Co.
Do.

Do.
Kimball & Saupe.

}Jnion Construction Co.
Western Engine Co.
Yuba ManufacturingCo.
Do.
Do.
().
Union Construction ('o.
Union Tron Works.
Yucba Manufacturing
0.¢
B. Bernard.
Yuba Manufacturing Co.
I. B. Hammond.e¢
Bucyrus.e
Union Construction Co.
D

0.
Risdon Iron Works.e
Holbrook, et al.

Dmon Construction Co.

Kunball & Saube.
Unlon Construction Co.
D

0.
Do.

a 10-inch sand pump.
® Sand elevator.

< Riffled area exclusive of save-all or undercurrent; UC, undercurrent.
d SH, steel or iron shod Hungarian riffles; AI, angle xron Hungarian riffles; MnL, manganese-plate shod longitudinal riffles; MnG, manganese grate riffles; CI, cast-iron riffles.

. Dredge reconstructed,
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FLUME-TYPE DREDGE WITH REVOLVING SCREEN

The flume-type dredge with revolving screen is an improvement
over the single-sluice dredge. The dredge at Cache Creek (see
No. 23, in table, and fig. 59) is working shallow gravels with many

Figuee 5% —Electrically driven 6%-cubic foot screen-flume dredge on Cache Creek

large bowlders and some clay. The buckets deliver to the revolving
screen. At the lower end of the screen are three high-pressure 13-
inch nozzles for disintegrating the material. The oversize (over 8

FicURE 60.—Flume of the Cache Creek dredge

inches) passes through a chute which has two outlets and is dumped
10 feet astern. The undersize goes to the head of the riffled flume.
The lowest 20 feet of this flume is divided into three branches, and
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by shifting the flow from one to the other the tailing is dumped
level across the series of cuts. With these arrangements the gold
saving is greatly imnproved. the sands are prevented from running
back under the dredge, and the water level in the pond can be better
maintained (fig. 60).

COMBINATION-TYPE DREDGE

For average Alaska dredging conditions, where the gravels
are not more than about 20 feet deep or not too shallow for proper
flotation, the combination type of dredge with revolving screen,
flume, and conveyer is, in general, better adapted than other types.
The material is disintegrated on the coarse-mesh screen with water
under pressure, the oversize going to a belt conveyer and the under-
size to the flume. The conveyer is really a fixed stacker (figs. 61

Ficrre 61.—Steam-driven combination-type dredge on Mammoth Creek

and 62). Such dredges are lighter and less expensive than table-
stacker dredges of similar capacity.

Two dredges of the combination type (Nos. 24 and 32 in table)
have two flumes, one at either side of the screen and conveyer (fig.
63). The undersize from the screen drops onto a short, wide, riffled
sluice set on a steep angle, then passes onto another sluice set in the
reverse direction, and is distributed to the two flumes. These two
dredges have more than double the gold-saving area of the dredges
with single flumes and in many respects are quite similar to the
table-stacker dredge.

The conveyer on the combination dredge stacks the heavy mate-
rial where it is most needed. Thus, when the deposit contains much
fine material, the flume is extended beyond the end of the conveyer.
The heavy material from the conveyer then prevents the fine mate-
rial from the flume from running back under the boat. Should the
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dredge have only one flume, the conveyer is installed at one side or
over it. To maintain the pond, if the gravel contains little clay or

FicURE 62.—Plan and elevation of 3%4-cubic foot combination-type dredge with revolving screen, flume, and conveyer and
equipped with undercurrent

fine material, the conveyer is extended beyond the end of the flume,
so that the fine material is backed by the coarse gravel.

92405°—27——13



186 PLACER-MINING METHODS AND COSTS IN ALASKA
STACKER-TYPE DREDGE

The stacker or California type dredge has the widest field of use-
fulness of any of the dredges. It is the best dredge for gold that is

FieTrE 63.—Conveyer and two flumes on the Berry dredge

difficult to save and is the only dredge satisfactory for the more diffi-
cult and deep deposits. The buckets deliver to a revolving screen
with perforations generally not more than 1 inch in diameter.

iGvee G4.—The 3%-cubic foot semi-Diesel-driven stacker dredge on Candle Creek
in the Kuskokwim

After disintegration and washing, the oversize is stacked behind the
dredge, the undersize is distributed to the gold-saving tables and
sluices, and the tailing is discharged astern (figs. 64 and 65),
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Two dredges of this type (see Tables 12 and 22) are equipped
with shaking screens made in two sections, timed to work in opposite
directions. The motion is imparted by eccentrics, and on the No. 12
dredge was 124 three-inch strokes per minute. The screens are
equipped with bars, and cast-iron “ fingers” suspended over them
retard and help disintegrate the material, which is washed by jets
of water under high pressure. The oversize, which may still include
some unwashed clayey material, goes to the stacker, the undersize
falls on riffled chutes and is distributed to the tables, and the tailing
is discharged through sluices astern of the dredge. An extra man
must be employed as a screen and flume tender.

Dredges 26 and 34 were both digging downstream, and to keep
back the sand were equipped with sand elevators. The tailing from
the tables is delivered to a sump and thence is elevated by the sand

FiGrRE 63.—No. 1 dredge of Hammon Consolidated Goldfields Co., at Nome: a 9-
cubie foot electrically operated stacker dredge

buckets into a chute, which delivers it to the stacker. No. 26 has
one elevator and No. 34 has two, one for each set of tables. Few
dredges on the creeks experience difficulty with sand unless they are
digging downstream. In fact, several dredges have to deliver tailing
to provide anchorage for the spuds.

In addition to the water required for stripping or thawing, plenty
must be available for floating and sluicing. For the average Alaska
dredge not less than 35 to 50 miner’s inches of clear water should flow
constantly into the pond, otherwise the pond water will become too
thick, causing excessive wear of the pumps and interfering with the
gold saving. For some dredges larger quantities may be required.
The straight flume type requires more water for sluicing than
dredges of similar capacities with screens. Except in dry seasons
the local creek supply is generally ample for dredging purposes,
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DETAILS OF DREDGE CONSTRUCTION

It is not practicable to discuss the many details of dredge design,
construction, and operation; the reader is referred to the various
books and articles on this subject. Special reference should be made
to * Gold Dredging in the United States,” by Charles Janin, pub-
lished as Bureau of Mines Bulletin 127. Some of the principal
features which apply especially to dredging in Alaska are, however,
mentioned below.

HULLS

Many of the hulls made for use in Alaska were too small, as
shown by the number that have been extended and widened or have
pontoons added to increase buoyancy. Smaller dredges kave used

F1GUkE 66.—A light 2l-cubic foot open-connected bucket line on flume dredge

empty oil drums for this purpose. Wooden hulls are used exclusively ;
the large dredges recently constructed at Nome have steel frame-
work. With reasonable care, a hull should last the life of the
property. One hull is still in fair condition after 20 seasons of
dredging. Native timber makes very poor hulls.

BUCKET LINES

Most of the smaller dredges have open-connected bucket lines
(fig. 66). Their main advantages are lighter weight and lower
power requirements, and at one time they were favored for digging
difficult bedrock and bowlders. The advantage of the modern close-
connected line is so marked that comparison is hardly recessary.
The shape and weight of the buckets are determined mainly by the
character and depth of the ground and the size of the gravel. For
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tight, hard-digging ground a smaller, strongly built bucket should
be used. Ground with bowlders requires larger buckets (fig. 67).
For clayey ground the buckets should be wide, shallow, and free
from inside projections so their load can be more emily dumped.
With a strong, properly designed manganese-steel bucket line and
enough power, practically any unfrozen bedrock in Alaska dredging
fields can be satisfactorily dug. Dredge 21 on Ophir Creek has
dug 10 feet of slabby limestone bedrock with no great difliculty.
Except on some of the smaller flume dredges, most of the ladder
trusses are equipped with chutes or pans to catch the spill from the
buckets and return it to the digging face. During freezing weather
steam or hot water run down this chute helps to keep the material
from freezing to the ladder. In discharging into the screen hopper

Fierke 67.—A 6l-cubie foot close-connected bucket line of special design

or flume the buckets also spill some material; which falls ontc a
steeply inclined grizzly in the well hole, the undersize going to the
save-all sluices.

Upper and lower tumblers of various shapes are used on the older
dredges. The newer and the modernized dredges are mostly equipped
with a round lower tumbler and a five or six sided upper tumbler.
Except on the larger dredges and several other stacker dredges, the
main bucket line is driven by a single bull gear. This subjects the
shaft to severe strains, and has caused many breaks of the shaft or
gear. The double-gear drive equalizes this strain and improves the
working of the bucket line.

Lack of enough power for the bucket line is sometimes due to-
having the engine which drives the bucket line also drive other equip-
ment. One dredge in interior Alaska has recently increased its
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daily capacity by about 300 cubic yards by changing a pump drive
to the other engine. The speed of the bucket line should be readily
adjustable to suit different digging conditions. The variable-speed
motor on elestric dredges answers this requirement most successfully.

The buckets and lips last three to five or more seasons of average
digging, for the yardage handled during a season is relatively small.
Frozen ground causes the most wear and requires much additional
power. At a mine recently worked at Nome all the bucket lips on
one of the large dredges had to be replaced after one season’s digging
in partly thawed ground.

EFFECT OF DIGGING CONDITIONS

High bedrock gradients increase the difficulties of operation and
seriously affect the operating cost. Dams must be constructed to raise
the level of the water in the pond, and in the shallower ground much
additional bedrock must be dug to provide enough draft. A dredge
should not dig downstream unless the conditions are not a handicap.
It generally means working against the “lay ” or gravel flow, espe-
cially if the gravel is flat and shingled. Downstream work usuaily
necessitates the building of dams unless the gradient is very low,
complicates tailing disposal, and makes digging more difficult.

One dredge in the interior started at the head of the creek, work-
ing downstream on a 71% per cent grade. Digging conditions were
generally bad, including numerous bowlders to be disposed of ; more-
over, dams had to be constructed across the narrow channel about
every 40 feet of advance. The cost of the dams alone is stated to
have amounted to about 60 cents for every cubic yard of ground
dredged. Although the grade has now decreased to about 2 per
cent and dams are no longer necessary, digging from that direction
is more difficult. The dredge averages only about 60 per cent of
the yardage that one of this size will normally handle, partly due
to the reasons stated and partly to the fact that much clay is
present, which also slows down washing.

LENGTH OF DREDGING SEASON

The dredging season in Alaska normally lasts three to five months.
On the Seward Peninsula it averages about 100 days, most of the
dredges starting in June and closing in October. A number work
120 to 145 days during a favorable season, others about half this
time. One of the large dredges at Nome started July 6, 1923, and
operated until December 2, or 149 days; and another started on May

"1, 1924, and continued to December 7, or 220 days, which establishes
a new record for Alaska. In 1912 and 1915 the Blue Goose, which
then had steam power, ran for 162 days on Ophir Creek.
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Starting is generally delayed on creeks fed by springs, as the
successive overflows build up thick ice known as * glacier ” ice, which
generally covers the entire valley. In the spring of 1922 the ice on
Shovel Creck was over 15 feet thick; it virtually covered the
dredge and caused serious damage. On July 13, 5 feet of this ice
still remained, and dredging was not possible until August, when
further difficulties were encountered because of the seasonal frost.
The average season on this creek is about 75 days.

The dredging season in the interior averages 130 to 165 days, from
early in May or June to late in October or early in November. The
record is 194 days, attained by
one of the Otter Creek dredges 3
in 1916. In 1923 the Kusko- H
kwim dredge and the Cache
Creek dredge each ran 174
days.

]

ICE

In the fall the ice as it forms
is broken and pushed aside by
the dredge, or the cakes are
removed. Slush and anchor
ice, however, quickly close on
the dredge and soon freeze it in
tightly. There is no practical
way of combating this kind of £
ice, although heating the hulls gt -
or the pond water with steam '8—_—{—7~Q ‘ - T
has been tried. Experienced AT ® T
operators know that when B\ s K3
thick ice starts to form the end Ficrer 68.— Steam ice cutter, 120 pounds pres-
of the season is at hand, and, ;“‘j’/l‘fm?]m;;’s‘ 1:)‘::? % et Steeve s
the dredge ShOllld be put into tion, outer steel casing;.f, brazed connec-
winter quarters. Some dredﬂeq itxil(;’;]]';lb;q’:,‘:-i?gllll ht;l;‘t;ido diameter Drass tub-
continue to dig until frozen in
and are left until sprmg This practice may leave the dr edge unpro-
tected from early spring floods and other dangers. The better pro-
cedure is to stop early enough to dig a level bench at some protected
place and lower the water, letting the dredge rest on an even bottom.
Dredges are only removed from the ponds when repairs of the hull
become necessary.

In the spring the dredge is cut loose from the ice, water run into
the pond, and the dredge floated. The ice in the pond is sometimes
cut with saws and axes, but more often with steam points or steam
ice cutters. Figure 68 shows one of these ice cutters. The pond

,8 049
3375

if

2]
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ice may also be blasted. For an early start the ice cakes are re-
moved from the pond, and the ground ahead of the dredge is stripped
of snow and ice. Where the seasonal frost is shallow, some good
results have been obtained by scattering ashes over the ground.
Enough ground is thawed ahead with steam, at some operations
with water, to get the dredge under way. Experience has shown that
the best practice is to start dredging as early as may be practicable
in the spring and stop earlier in the fall rather than fight the freezing
weather.
HEAT AND LIGHT

The dredges are heated with steam when necessary, generally with
a boiler supplied just for this purpose. During freezing weather
the stackers and sometimes the flumes are housed in canvas and steam
heated. Hot water or steam is applied to the ladder chute, or the
line is relieved of the accumulating frozen material from time to
time with a steam jet.

Virtually all dredges are lighted by electricity. Daylight is
continuous during several summer months. The lighting generator
is generally driven by a small auxiliary internal-combustion engine,
except on the electric and the steam driven dredges.

OPERATING DATA

Alaska dredges dig 20 to 60 per cent of their theoretical capacity,
this wide range being due mainly to the differing efficiency of the
various dredges and conditions of operation. An average derived
from the performance of all the dredges would be of no practical
value, but most dredges working under average conditions realize
40 to 45 per cent of their theoretical capacity. The short dredging
season makes it especially imperative that the greatest possible
operating time be realized. Many of the dredges work 22 hours
daily, sometimes a little longer, for daysatatime. The flume dredges
often average a longer operating time than other dredges. Some
operators claim an average operating time of 90 per cent, which
would be possible only under exceptional conditions, but the running
time should average 75 to 85 per cent of the total time available.
The principal causes of lost time are engine or power trouble,
mechanical accidents, floods, lack of water, frozen ground, stepping
ahead or moving in shallow ground, and clean-ups.

The following table shows the causes and the amount of time lost
by two dredges operated under widely differing physical conditions;
further data are given under “ Dredging costs.”
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Lost time in percentage of total time

Wild Goose dredge
No.1-+ Cache
Cause of delay Creek
dredge, 1922
1919 1920 ®
Per cent Per cen
Stepahead . ____________ .. 2.57 2.84 [ ______.
Moving to cuts. .91 .
Moving lines 1.47
Rocks - 1.52
Clean-u .04
Sluices. .03
Stacker. .52
Repairs, machiner 1.47
Engine trouble .. . .32 .
Bucket line, ladder. .. 2.57 1.53 1.18
Sereen . . 12 .09 35
Winches. ... 25 .23 2
PUMIDS - - o .03 .10 .15
Electric equipment - . i .35 1.27 .42
Spuds. - .05 .11 .05
Frost - - - e P I
Pond and dam____.. ... 2.66 103 |eeioaea
Miscellaneous. . ... 65 .36 < 18.20
Tower tumbler, oiling._ . .. [ .07
Upper tumbler, repairs - . .o a e .21
Power plant, diteb, ete. ..o e .71
B oD DO o e e e .16
Lost time 15. ¢ 15. 94 25. 60
D0 . i hours. 335. 42 409. 25 1,063. 03
Running time______ do.... 1,824, 58 2,158.75 3, 088. 97
Total time __ ____ e do....| 2,160.00 2, 568. 00 4, 152. 00

: 'Il‘)ll;grﬁan;gs(ti?r‘:xllgge?vxgs 34.9 per cent.

« Time lost on account of floods, pond, and ditch trouble.

Most dredges are operated on 12-hour shifts, the shore men, strip-
ping and thawing crews, and others that may be required working 10
hours. Several companies have adopted the eight-hour shift. On
account of the shout season and the increased wage, dredge men
usually prefer the longer shift. The average shift on the dredges
comprises one winch man, one engineer, and an oiler, with one or
two shore men or roustabouts on the day shift. Most companies
employ a dredge master as superintendent. On distillate-driven
flume dredges the engineer spends about half his time with the en-
gines and may also act as oiler and flume tender. In all, five men
constitute the entire crew for steady operation on the smallest flume
dredges.

WAGES

The wages paid by the dredging companies vary widely, even in
the same districts. The following is the average scale; board and
lodging is provided in addition. The shore men and other laborers
are pald the prevailing wages, as given in the section on “ Labor.”
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Dredge wages

= N ; ; Dredge
Winch men | Engincers Oilers master
fe;ﬁn_rd Peninsula. ... ... $7.50-$9.00 | $8.00-$9.00 | $6.00-$7.50 | $10. 00-$12. 00
nterior:
Iditarod-Tnnoko___________________._____ ... 8.00- 9.00 7.50 7.00- 7.50 | 12.00- 13.00
Innoko (eight hours) ... ... ________ 7.50 7.50 6.50 | .o
Fairbanks . ... 8.00 8.00 7.00 |2275. 00-300. 00
Cirele.._ 9.00 9. 00 6.50 |coomoeo
Yentna (eight hours) ... ... . _____ 6.00 a, 5 225. 00 5.00 4225. 00
s Per month. b Electrician.

Dredge masters, winch men, and engineers living in the United
States or elsewhere out of the district are generally given traveling
expenses both ways and receive wages only when on the property.

POWLER COSTS

The table on Alaska dredges shows the power used and the amount
of gasoline, distillate, fuel oil, Diesel oil, or wood fuel consumed by
the dredges in an average working-day. The cost of power on
distillate-driven dredges and dredges in isolated districts, where
cheap fuel or hydroelectric power is not obtainable, is generally the
greatest single item of the operating cost. Two companies operate
their electric shore plants with Diesel engines; both are located close
to tidewater. Two dredges are operated by hydroelectric power,
and one of the companies in the Innoko district (fig. 1, 22) is now
installing a hydroelectric plant. In most districts there is little
opportunity for developing reliable and economical water power.
The Wild Goose Co. had available for power use the ditch and pipe
line from former hydraulic operations. This water power is avail-
able for about 100 days each season, and an auxiliary distillate en-
gine aboard the dredge is used when the water fails. Although
climatic conditions at Cache Creek would permit the use of water
for power during the entire season, the head is low, and during an
unusually dry season there may be a month or so when lack of water
seriously affects the operation of the power plant.

The Diesel engine has greatly reduced power costs and will receive
greater attention for dredge power in future.

Steam is the ideal power for the average Alaska dredge but
should not be installed unless there is an abundant supply of good
wood or coal near by. FEarly steam dredges had old and inefficient
steam equipment, which consumed large amounts of fuel. As the
wood supply soon had to be hauled long distances, the power costs
became prohibitive. nccessitating a change in power generation.
Locomobile-type steam equipment is the most practical and economi-
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cal dredge power in those isolated districts where wood can be
obtained at reasonable cost.

The Berry dredge is equipped with two 75-horsepower locomobiles
which have given satisfactory service. For power purposes thev
consumed an average of 4 cords of wood per operating day. An
additional half cord of wood is consumed during the spring and
fall, when the dredge must be heated. The wood now costs $15 per
cord on the dredge. At $60 per day for wood and $23 for the
wages and board of two engineers, one on each shift, this daily
power cost is $83, or $0.554 per horsepower-day. On a basis of 2,200
cubic yards dredged per day, this amounts to $0.038 per cubic yard.

The following table has been compiled from data on 11 dredges
operated on the Seward Peninsula in 1921, and shows that the cost
of power is exceptionally high on the distillate and semi-Diesel
dredges.

Dredge power cost, Scward Peninsula, 1921

Cost of power ¢
Cubic
Total
Number of : yards
dredges Kind of power dredged h(())‘rﬂs:; Per cubic P;rge;xlt-
in season | P Per day | yard opgerat-
dredged ing cost
309, 700 320 | $441.00 $0. 142 48.6
475, 250 342 331. 50 . 069 33.1
278, 600 200 87.75 . 034 20.0
52,020 140 50. 00 . 025 12.9
__________ 1,002 910.25 |oeoee e
AVerage | e 012,470 || ieaan .73 33.8

a Includes only cost of fuel, lubricating oil, and labor in attendance. At most of the distillate-driven
drgdlgzeers ég;engineet devotes only part of his time to the engines.

The average cost of distillate delivered to the above dredges was
63 cents per gallon. The 24° Diesel oil at the semi-Diesel dredges
cost 36 cents per gallon and at the Diesel-electric plant 30 cents.
Distillate cost 17 cents and 24° Diesel oil 634 cents per gallon at
Seattle. The charge of $50 per day at the hydroelectric plant in-
cludes the proportional cost of ditch maintenance and attendance at
the plant, the latter being mainly part of the dredge master’s
wages, all prorated on the basis of 100 days for the season.

CACHE (CREEK DREDGE

Until 1921 the Cache Creek dredge was steam operated, and a
poor-grade lignite coal mined close by was used for fuel. The coal
proved unsatisfactory, the steam power too costly, and with the
heavy steam equipment aboard the dredge drew too much water for
proper draft. Hydroelectric power was then developed, a 1-mile
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ditch being constructed to deliver the water through a double pipe
line 1,800 feet long and 34 inches in diameter to a 23-inch double-
discharge turbine water wheel under 85-foot head. The 300 kv. a.
belt-driven generator produces the alternating current, which
is transmitted at 11,000 volts to the transformer near the dredge,
where it is stepped down to 2,300 volts and transformed to 440 volts
aboard the dredge. An average of 3,800 kw. h. is used per
operating day. In 1922 power, which included ditch and pipe-line
maintenance and the cost of labor, supplies, and power-plant repairs,
cost $0.0168 per kilowatt-hour, or $0.0283 per cubic yard dredged.
The average cost of this power for three seasons has been $52.43 per
day, or $0.0258 per cubic yard dredged. The pipe line, turbine, and
most of the electrical equipment was secondhand. The entire power
installation cost $52,634, including $19,473 for the ditch and pipe
line and $10,078 for the dredge electrical equipment.

DREDGING AT NOME

The largest power plant for dredge operation in Alaska is at
Nome and has six 525-horsepower Diesel engines. These use 14 to
16° fuel oil, delivered to the Nome anchorage in tank steamers. The
fuel consumption under average load is approximately 25 gallons
per hour per engine. The engines are direct connected to 2,300-
volt alternating-current generators. This current is transformed
to 11,000 volts and transmitted 314 miles to the dredges. Conditions
are also favorable for developing cheap power from coal or Diesel
oil in the Fairbanks district, where the plant can be located close to
the Alaska Railroad.

METHODS OF ESTIMATING YARDAGE DREDGED

Methods of estimating the volume of ground dredged vary. A
number of the smaller operators roughly measure the area dredged
at the end of the season and, knowing the average depth dredged,
can approximate the yardage. Several operators dredging shallow
deposits use the unit, “square feet of bedrock dredged,” but also
state the average depth dug during the season. The more systematic
operators make a survey every two weeks, or each month, recording
the area in square feet, the average depth in feet, and the volume in
cubic yards. Allowance is made for the slope of the banks and
irregularities in the slope or depth of the cut, especially in the deeper
ground.

A method used by a number of the companies is to lay out a base
line along one or both sides of the course to be dredged, setting
stakes at intervals of 100 or more feet. From these points the sur-
vey is made, then plotted, and the area obtained with a planimeter,
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or calculated. From the area and the average depth of ground
dug, derived from the daily dredge reports, the yardage is deter-
mined. The area ahead of the dredge is often staked out in 100-
foot or other size squares. With either method the position and
progress of the dredge and the cut measurements can be quickly
determined. In ground where the distribution of gold is irregular
or prospecting has not been thorough, close drilling may be done
ahead of the dredge. The course to be followed by the dredge and
the depth of the bedrock to be dug are further ascertained by fre-
quently panning the material dug, and unprofitable areas can thus
be avoided.
GOLD CONTENT OF GROUND DREDGED

The average recovery of gold per cubic yard dredged in Alaska
each season from 1911 to 1922 was 51 to 77 cents per cubic yard,
according to Brooks.”> In 1923 this average dropped to 40 cents,
the lowest in history. Most of the gold gravels now being dredged
yield 20 to 50 cents per cubic yard, about one-third averaging around
50 cents. Three dredges report gold recoveries of 60 to 75 cents per
cubic yard and one more than $1.25. There appears to be small
opportunity of acquiring dredgeable ground which will exceed 40
to 50 cents per cubic yard unless new virgin fields should be dis-
covered.

DREDGE OPERATING COSTS

Alaska dredging costs are usually high and vary widely, as the
dredges differ in size and efficiency and work under widely differing
conditions. Moreover, the operating cost for the same dredge may
vary greatly from season to season. This report gives the operat-
ing cost only, and unless otherwise noted does not include deprecia-
tion, depletion, royalty, interest, or other charges against capital
invested.

The operating cost is 15 to 35 cents per cubic yard. The higher
ficure has sometimes been exceeded, due to unusually adverse con-
ditions, serious accidents, or inefficient management. Costs of 15
to 18 cents are only realized by a few well-managed properties in
the more accessible districts under generally favorable conditions.
Some of the low costs claimed are often due to the bookkeeping
system emploved or to the fact that office expense, management,
etc. are not included. From incomplete data supplied by operators
of 11 dredges running under widely differing conditions on the
Seward Peninsula in 1921, an attempt has been made to estimate
the cost of dredging for that year. The data cover operation of

“ PBrooks. A. H., and Capps, S. R., “ The Alaskan mining industry in 1922 ; Mineral
Resources of Alaska, 1922; U. S. Geol. Survey Bnll. 755, 1924, p. 15,
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four dredges in the Nome districts, three in the Solomon district,
and four in the Council district. With the exception of a very
small yardage which was artificially thawed at two of the places,
the ground dredged was unfrozen, except for some seasonal frost.
The 11 dredges dug 1,323,500 cubic yards, but 740,000 cubic yards
of this were handled by three dredges.

The operating costs were 15 to 38 cents per cubic yard, the average
being 21.6 cents. The total amount of capital invested in dredging
equipment was estimated at $590,000. This is low, but a number
of these dredges were acquired for nominal sums and could not now
be replaced for twice the amount. Although the life of the prop-
erty usually could not be definitely determined, the depreciation on
equipment roughly averaged 4.64 cents and simple interest at 6
per cent averaged 2.67 cents, a total of 7.31 cents per cubic yard;
at the various mines it ranged from 2 to 20 cents. In this estimate
the cost of land, royalties, etc., are not included. The season of
1921 was longer than the average season and operating conditions
were generally more favorable. The number of days worked by
the dredges varied from 75 to 129, the average being about 100.

One engineer estimates that the frozen ground on the Nome tun-
dra can be dredged at an operating cost of 9 to 10 cents per cubic
yard, exclusive of thawing costs. The total cost, including thaw-
ing and all capital charges, is estimated at 23 cents per cubic yard.
The estimate is based on the assumption that four dredges are op-
erated for a season of seven months and are capable of digging
800,000 cubic yards per month.

DETAILED DATA FROM INDIVIDUAL OPERATIONS

The following detailed data and costs cover operations conducted
by dredges of different sizes and types under differing conditions.
Much of the information obtained concerning production and capi-
tal charges of mining operations, and in some instances the operat-
ing costs, is confidential and must be omitted. It is particularly
gratifying to be able to present complete costs for the Wild Goose
Mining & Trading Co.’s No. 1 dredge, which were freely given, for
these data contain detailed accounts of its very successful operation
from 1910, when it started, to the shutdown in 1924. This dredge
was formerly driven by distillate engines. In 1915 it was electrically
equipped and operated by hydroelectric power, except during the
late fall or during short periods of water shortage, when power was
supplied by the auxiliary distillate engine.
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Operations of Wild Goose dredge No. 1

{Total cubic yards dredged, 1910-1924, inclusive, 3,023,774]

Dredged— Average :
Year Length | Operat- value re- Oc“;(;ia&?g
of season | ing time covered per| cubice yard
Per season | Per day |cubic yard ¥
Days Per cent | Cubic yards | Cubic yards Cents

____________________ 12,550 [-ccoooo_oo $1.7013 a 53, 67
135. 6 68. 4 223,719 1, 649 . 85673 a 20, 90
128.5 72.4 224,490 1,917 . 3992 e 21,25
126.5 75.0 197, 793 1, 563 . 6207 a31.77
124.5 89, 2 272, 403 2,188 . 7666 a15.34
123.2 84.9 265, 393 2, 154 . 7189 815.75

JS N B | 229,876 | e e oo |ame e @ 19.81
143 65.1 ! 215, 730 1, 509 . 5559 24.00
____________________ b 149,508 |occeio o L7617 529,45
90 84.5 164, 224 1,825 . 8164 b 29, 91

107 84.1 217, 347 2,031 . 6938 21.81
129 oo __ 260, 548 2,020 . 7146 19. 34

111 87.7 229, 984 2,072 . 9390 17.47

108 84.7 201, 455 1, 865 L6718 18.48

77 90. 1 158, 759 2,062 . 4701 18.51

. @ Exclusive of management, which amounts to from 2.2 to 4 cents per cubic yard.
b Difficulty with frozen ground conditions. Retarded digging.

NoTE.—Before 1920 some small areas were thawed. Ground usually contained only seasonal frost.
Depth dug varied from 7 to 24 feet. Bedrock was schist and thin-bedded limestone. Gravel was medium
size with some bowlders. Dredge was digging downstream.

Operating costs of Wild Goose dredge No. 1

1917 1918 1919 1920

Labor and mess $13,725.10 | $7,660.37 | $8,081.50 | $10, 746. 00
Repairs and renewals _| 12,551.75 | 14,438.62 | 11,188, 52 9, 777. 56
Distillate and oil ... 9, 455, 47 4,357.32 2,151. 20 1, 366. 96
Supplies. .. .._. .. 1,925. 92 2, 349. 98 4, 009. 67 1, 645. 32
Freight on supplies. 1, 525.32 1,326. 26 1,712.12 1,385, 27
General expense. . ooof 1,914 26 1, 802. 45 1,915.19 2,104. 16
Stable... 4,031.92 2, 645. 53 4,424.82 3,444.91
Ditch. - 1, 402. 66 2,087.01 3, 062. 05 4,288.25
Dams.__.. R SRR (R 2, 382. 39 1, 230. 80
Camp installation__ IR PO, 721. 60 1,292. 55
Bullion charges_ _ .. 218. 68 297. 21 346. 65 416.38
Insurance._..._.__ N I 1, 750. 00 3, 361. 91 2, 456. 93
Management, etc 4, 654. 95 4, 900. 83 5, 037. 80 6, 196. 96
Traveling expense.. 315.25 408. 55 744. 40 1,057.01

Total - .. .l 51,784.28 | 44,024.14 | 49,129.82 47, 409. 46
Per cubic yard . 240 . 2045 . 2991 . 2181

Note.—Capital invested in dredge and its equipment, $125,000; in power plant, $15,000. Depreciation
and interest, 6 per cent; amounts to $18,876 per season, or $0.07 to $0.126 per cubic yard (estimated).

Operations of Wild Goose dredge No. 2

Cubic yards dredged— | Average | Operatiug

Length value
per cost per
Year of f;;asgn, cubic yard, j cubic yard,
¥S | Per season | Per day cents cents
137 203, 257 1,479 36.81 21.01
100 213, 797 2,138 24, 47 17.79
01 150, 303 1, 652 53. 66 17.74

Notk.—Cost includes management, ete. Former Blue Goose dredge purchased by Wild Goose Co. for
$15,000; operated by them for three years only; shaft broke late in 1923; operation finished; ground condition
similar to No, 1 dredge but digging was upstream,
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Riley Investment Co., dredging costs and data, Otter Creek

1921 1922
Operating costs: .
Dredge operation, renewals, and repairs_.. . .. ecnaoiooo. $35,851. 79 | @ $40, 066. 27
Ground sluicing, brushing, ete_____ 6, 441. 49 1,219.90
Insurance.....__. S, e 768. 00 768. 00
Expense account, including management __ 7,827. 47 6, 638. 55
Mawing . e 59, 572. 10 32,651.92

110,460.85 |- _______.
Credit (profit from machine shop) . e 7,542.00 |ooo_.____

Total . __ 102, 918. 85 81,374. 4
Per square foot of bedrock . - S 33.2 17. 4
Per cubie yard e .. . 61.8 33.6
Operating data:

Square feet of bedrock dug.__ ... .. . ____ s 309,475 465, 950
Average depth dug. _____ _feet_. 14.5 14.0

Cubicyardsdug e___.____.______ R 166, 200 241, 604
Square feet of bedrock thawed d___ ... 260, 000 265, 000
Thawing cost—
Per square foot 23.0 12.5
Per cubic yard._____ . ____ 42.5 23.7
Per square foot dredged. . 19.2 7.0
Per cubic vard dredged ¢ 35.8 13.5
Average value of gold recoverced per cubic y N 61.4 5.2
Number of cperatingdayse.. .. . _____ f161 ¢ 163

a Cost of raising sunken dredge, $7,475, not included. Includes $6,372.84 for new buckets, lips, etc.
® Overcharge made against dredge and thawing; credited later

¢ Cubic yard value, cost, and other data calculated from square foot data.

d Of ground thawed, approximately half was thawed with steam and half with water.

« Includes about 20 days lost due to labor strike.

f May 25 to Oct. 28,

9 May 25 to Nov. 4.

Note.—Dredge was constructed in 1914. Tn 1923 this dredgze operated a season of 162 days, digging 488,675
suare feet, or 271,486 cubic yards. The average depth dug was 15 feet. About two-thirds of the ground
dredged was frozen and was thawed with water at natural temperature. The operating cost was 25.1
cents per cubic yard.

Beaton & Donnelly dredge data, Otter Creck®

1920 1921 1922
Operating cost:

Dredge preliminary__ $6, 328. &3 $9, 645. 85 $4,442. 71
Dredge operation. 29, 441. 44 32, 768. 74 31,858. 96
Expense account_._ 2.183. 55 2, 566. 29 2, 188, 41
Preliminary stripping _ 3, 895. 00 1,%7. 15 7,417.00
Mess account loss_. U AR, 2,301.93
Diteh repair. . . 1,522. 20 |.

Dredge repairs..

Preliminary thawing. 644. 31 698.40 (ool oooooo

Thawing operations_. ... ... . ________...___.____._. e 32,371. 79 6, 419. 05 330. 90

Total ». e 76, 086. 82 54,045. 48 49, 648. 76

Cost per square foot of bedrock - cents. . 14.5 11.8 11.3

Cost per cubic yvard _.do.__. 28.9 23.7 21.8
Operating data:

- Bedrock dug _.square feet_ . 525, 000 456, 300 439, 200
A verage depth dug. . feet. . 13.5 13.5 14.0
Cubic yards dug._ R, 262, 500 228. 150 227,733
Bedrock thawed .. __ __...square fect__ ¢235,000 | Small area. Very little.
Number of operating days..._....__. ... .. .. ____. 4187 142 f161

“ Dredge constructed in 1916, Since 1923 operated by Northern Alaska Dredging Co.
b No management charged. Would add 1.5 to 2 cents per cubic yard.

< In 1920 about one-half of ground thawed was thawed by steam, balance with water,
4 May 7 to Nov. 9.

¢ June 15 to Nov. 3.

7 May 21 to Oct. 28. Lost eight days due to broken shaft.

Note.—Cubic yard data caleulated from square foot data.
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Cache Creek dredge data

1921 1922 1923 1924

Operating cost:
Labor, salaries, management, ete.. ... _____.___.__. $15, 653. 08 | $49, 656. 07 | $37,530.78 | $40,794.37
Dredge and power supplies.._.._ 7,167.34 | 12, 543.20 8,038. 31 23,118.39
Miscellaneous ... ... 3,991, 34 8, g:o 19 [ 12,632.13 9, 100. 62

San Francisco office, ete_ ... ... ________ 908, 06 5.00 875. A2 (©]
Total 27,722.82 | 71,674.46¢ | 59,085, 84 73,013, 38
Per cubic yard.. 0. 1458 0.1799 0.1921 0. 3246
Operating data:
Working days_ ... ____._.___________________.__. <04 4173 0174 1151
Digging time. 73.0 74.4 76.0 83.0
T.ost time._.._._ . 27.0 9286 224.0 117.0
Cubie yards dug.- R, 190, 155 398, 323 307, 044 224, 897
Averagedepthdug. . ___________________..____ feet. . 9.0 8.6 9.4 8.7

4 Includes bullion charges, insurance, traveling expense, sundries, etc.

b Otfice expense, etc., included above.

¢ July 24 to Oct. 25,

d May 17 to Nov. 5.

¢« May 13 to Nov. 3.

f May 13 to Oct. 11.

¢ Floods caused four shutdowns, with loss of 3134 days.

* During August operated only half of time due to water shortage for hydroelectric power; nine days
lost through floods.

¢ Broken spud caused loss of 12 days.

Notr.—Unfrozen shallow creek deposit, gravels medium size with numerous bowlders in certain areas;
must dig up to about 6 feet of easy-digging coal formation bedrock to provide dredge flotation; digging
upstream over average grade of about 2.5 per cent.

Berry dredge data

1922 1923 1924

Operating cost:
Labor and saperintendenee.... ... .. ____________._.. 2 $20,903.08 | ®$25,733.42 [ ©$25,444.06
Supplies, ete..ooooaa oo s 15, 062. 66 513, 709. 57 14, 632. 34
Office expense_..___.... 562. 61 474.44 469. 32
General expense. ....___ 2, 138.99 773. 94 2,075. 78
Traveling expenses. . _____ . 1,324.97 1,153.83 1, 581, 14
Insurance and taXeS - oo oo oo eieeias 2, 652. 05 2,541. 68 2, 956. 04
ota) .o e e n 42, 614. 36 44, 386.88 47,158.68
Per cubie yard_ ... cents. . 0. 2279 0. 1764 0. 3302

Operating data:
Days operated__.o.oo.______._.. d92 ¢ 125 199
Operating time. - 34.4 80.2 |coceiiie
Cubie yardsdug__ - . 187,132 251, 692 142, 841

°b 111‘31“(3195 stripping and thawing labor, $3,991.15; supplies, cost not segregated; steam thawed, 40,000
cubic yards.

b Includes stripping and thawing labor, $6,750.74; supplies, $571.05; stripped 76,000 cubic yards of over-
burden for natural thawing,

¢ Includes stripping and thawing labor, $8,716.44; stripped 86,000 cubic yards of overburden.

4 July 2 to 18, July 30 to Oct. 12, Shut down July 19 to 29 to thaw ahead of dredge.

¢ June 20 to Oct. 23.
. ! .IIi uly 1 to Oct. 7. Includes about 20 days—July 12 to Aug. 1—when dredge was shut down, lacking water
or floating.

NoteE.—Cost of prospecting labor and supplies in 1923, $1,904.76, not included in above cost. Moving
and reconstruction of dredge completed June, 1922 (cost $13,267.42) and charged to capital account. Steam-
operated dredge; ground partly {rozen, mostly seasonal frost; from § to 18 feet deep after stripping off 4 feet
gf 0\]7erburden; average depth, 10 feet; bedrock, schist, and granite; some high, hard reefs; large granite

owlders now.

92405°—27——14
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Alaska Mincs Co., Nome, dredging costs, 1920

ot Cost per | Per cent of
Opg(r;;%mg cubic vard | operating
dredged rost
l Cents
Labor, dredge only - oo $9, 525. 89
Material, dredge _..__ ! 383.80 |__
Repairs, Inbor and material.___ ._T 1,914. 51 |-
Niscellaneous. - ... . ... . 1,362.65
P otal e 13, 186. 94
Thawing___. R 10, 185. 00
POWET - - 30, 598. 00 15. 61 56,6
Total operatine___ ... ... ' 53,979. 94 27. 54 100. 0
Overhead ... 11, 423.00 5.83 |l
TOtal. | 05,4029 ‘ 33.87 |oceee oo

This 8-cubic foot electric-driven dredge was formerly operated at
Nome. It dug 196,000 cubic yards in 1920, of which 25,290 cubic
yards were old tailing. During the 100 days the dredge operated the
actual running time was 79 per cent, the greatest loss of time being
due to lack of oil for power. Power was produced by a 650-kilowatt
shore plant at a cost of 6.5 cents per kilowatt hour, which was excessive.
Of the ground dredged, 88,807 cubic yards were thawed with water
at natural temperature at a cost of 11.49 cents per cubic yard.

TYPICAL PLACER IN INTERIOR DISTRICT

The following will illustrate the operation of a 214-cubic foot,
distillate-engine driven, flume dredge in an isolated interior district.
In 1922, the second season of its operation, this dredge dug 136,000
cubic yards from June 3 to October 22, or 142 days, averaging about
20 hours of digging time each day. The average depth dug was 11
feet. The ground was unfrozen, but for some seasonal frost, and
afforded favorable digging conditions. The operating costs for 1922
were:

Operating costs for distillate-driven flume dredge

Per cubic
Total vard

$14,973. 54

) 3,807, 41

- . 540. 40 |.
Distillate and oil.___.____ - 10, 769. 65
Express and postage__________._____ 800. 50
Traveling expenses and miscellaneou 866. 50
31, 757.91
Management, Sun Francisco office expense, ete_ ..o 6, 081. 16

37,839. 07 . 2782




MINING METHODS 203

The capital invested in the dredge is $42,706; depreciation in
eight years plus 6 per cent simple interest amounts to 5.8 cents per
cubic yard dredged in 1922. Dredges of this type and size were
formerly operated on the Seward Peninsula at an operating cost of
about 15 cents per cubic yard.

COST OF GOLD DREDGES

The cost of the gold dredges has increased 50 to 70 per cent since
8 or 10 years ago. As formerly mentioned, some of the earlier Alaska
dredges could not be duplicated and placed in operation now for twice
the original cost. Although it is difficult to estimate the cost and
capacity of a dredge unless all conditions are known, the following
table, compiled from data obtained from several dredge builders,
gives the weight, approximate average monthly capacity, and other
details for dredges of different sizes and types and their approximate
cost f. 0. b. Pacific coast.

Approzimate cost and weight of gold dredges

4 Sy | g 3 - ©
¥ £n B2 (& & |Eg|8..
Typeotdredge | 5 | TPl | HT | pugorpower |me|S| £ [TY|E°S
ype £ 2 bucket oS ind of powe e | w . |Bg|8 &
- % q wha | g 2 < | Kca
° £S ag|lg| & |3 |& E
8 g Sl 2 2 | Bum
@ < < |R | B |«
Cubic Cubic Board
feet yards Ft. | feet Tons
Flume..._............ 1% Open.__.. 17,500 | Distillate. ... _____ 30| 12| 17,000 | 52 |2§15, 000

Combination flume 2 | Close con- | 36,000 | Steam locomobile_{ 80 |30 | 75000 | 210 | 48,000
sc%enandconveyer_ nected.

7520 || 45, 000
60 | 18 | 60,0007 | 125 | 24,300
100 | 20 000 |- 62, 000
150 | 35 | 105,000 | 325 | 86, 000
Do.._.......____. 150 | 20 oo e 75, 000

Combination flume
screen and conveyer.

Screen and stacker____| 4 |[.__do Diesel engine_.... 220 185 | _fee o 100, 000
D 5 |-..do 85,000 | Steam electric..... 250 | 40 | 200,000 | 670 | 200, 000

6 |-..do__.___[100,000 |._.__ Ao 300 | 40 | 220,000 | ®875 | 215,000

734|...do______[120,000 |_____ do._ ... 400 | 40 | 250,000 | 825 | 235,000

o Cost of machinery only.
b Includes steam shore plant.

NotTe.—Full Diesel engine power costs $1,000 to $1,500 more than steam-locomobile power on 3 to 34
cubic foot dredges.

From a study of the preceding table and the tables on ocean and
inland freighting costs an approximate estimate can be made of the
cost of a dredge landed at the property. To this must be added the
cost of erection. Under average conditions, 214-cubic foot flume
dredges have been erected for $7,000 to $9,000, the combination 314-
cubic foot dredges for $12,000 to $18,000, and the 314 to 4 cubic foot
stacker dredges from $18,000 to $25,000. Dredge 32 (see table on
Alaska dredges, p. 178) was recently erected in 43 days at a cost
of $15,000,
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SPECIMEN COSTS

Dredge 24 ready to operate cost $50,000 in 1911. Dredge 5, as
originally erected on Bangor Creek in 1914, cost $127,000. It cost
$90,000 in Oakland. Dredge 6 cost $85,000 erected in 1915. About
10 years ago a 2l4-cubic foot flume dredge similar to dredge 8,
cost about $27,500, erected in the Council and Solomon districts.
These dredges, erected in districts of average accessibility, would
now cost $45,000 to $50,000. Although the cost of the large dredges
is not definitely known, dredge 13 cost about $500,000 erected and
dredge 14 about $600,000. Their erection was completed during
the winter when extremely cold weather added greatly to the cost.
Dredge 21, as now constructed, cost about $125,000. Dredge 24
cost $86,000 erected in 1915. Dredge 25 cost $135,000 at Oakland in
1917 and erected at the property $180,000. Dredge 28 cost $80,000
erected. Dredge 30 cost $50,000 in 1921. Dredge 33, as originally
erected on Glacier Creek, cost $28,000 in 1915. Dredge 34 cost $112,-
000 erected in 1918, but an additional sum has been spent in changes
made later. Many dredges on Seward Peninsula have changed
ownership at least once or twice and have often been acquired for
very nominal costs through direct sale or bankruptcy proceed-
ings. Others have been constructed with parts from older dredges.

MOVEMENT OF DREDGES

Some dredges which have proved unprofitable or which have
completed the dredging of their original ground have been moved
to new locations. These used dredges have at times been acquired
for a small part of their original cost or have been amortized during
their earlier period of operation, and thus made it possible after-
ward to dredge lower-grade gravels or smaller areas which could
not otherwise be worked at a profit. This is typical of a number
of the dredging operations, particularly on the Seward Peninsula.

Dredges have been moved to new localities on the same creek, to
distant creeks, and often to new districts. Some small dredges on
Seward Peninsula weighing from 125 to 200 tons have been moved
over the snow without dismantling; dredges weighing 250 to 400
tons must be dismantled, and the hull is cut in half, lengthwise.
During the winter of 1921 dredge 5 was moved from Bangor
Creek to Anvil Creek, a distance of 14 miles. The dredge was dis-
mantled and the hull cut in two lengthwise. The dismantling
cost $4,500, the hauling $11,000. The entire job, including the re-
erection of the dredge, was contracted for at $28,000. In 1916
dredge 18 was moved from Mystery Creek to Ophir Creek, a distance
of 12 miles. The dredge was dismantled and the hull cut in half.
The contract cost of dismantling and rebuilding the dredge was

44 Dredge numbers vefer to first column of {able facing p. 178.
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$3,000, and the cost of moving was $3,000. The dredge ready to
operate on Ophir Creek cost the company $28,500. Dredge 24 was
dismantled and hauled 214 miles down the creek for $3,500 and
reconstructed. This entire cost was about $15,000, which included
additional material. Several dredges have dug their way for several
miles downstream through old tailing to a new area, the gold
recovery by the dredge paying a part of the moving cost.

GOLD SAVING

The high cost of placer mining in Alaska and the lower average
gold content of the gravels now being mined necessitate efficient
gold-saving equipment. At most mines the gold is chiefly coarse
or heavy, and although some fine gold is generally present, practi-
cally all can usually be saved with very few refinements in gold-
saving practice if the gold-bearing material is thoroughly washed
and disintegrated. Quite often the gold is coated with a film of
iron oxide or with some compound of sulphur, arsenic, or other im-
purity. Tt is difficult to save coated fine gold in the sluices. Light
flaky or flour gold is rarely present in appreciable quantity, and
only a very small proportion can be saved by usual methods.

The loss of gold in the tailing can not be accurately determined,
as there is no practical way of accurately sampling the gold-
bearing material or the tailing. The average placer miner
does not like to admit that gold is being lost. However, many
dumps contain chunks of unwashed material which carry gold and
sometimes amalgam. Gold loss in tailing is further evidenced in the
number of “snipers” working over old dumps and in the results
of drilling or subsequent mining.

Gold losses in the earlier days were probably larger than at
present, for the deposits contained a higher gold content, and a loss
was not considered so serious. The sluices were often poorly
adapted for the work or were overloaded. Purington ** estimated
that in the interior districts where two or five boxes with no drop-
offs were used in saving the gold, 10 to 20 per cent of the gold lifted
into the boxes was lost. ILosses of 50 per cent were not uncommon in
those days, and there still are a few mines where only 70 per cent of
the gold put into the sluices is recovered.

With free-washing gravel—that is, gravel free of difficult clay—
a high percentage of the gold can usually be saved by the customary
methods. Most gold losses are accounted for by the presence of
stiff sticky clay, which is difficult to disintegrate and tends to rob
the riffles of gold or amalgam, and by the lack of suitable sluice

4 Purington, C. W., Methods and Costs of Gravel and Placer Mining in Alaska: U, S,
Geol. Survey Bull. 263, 19035, p, 191,
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gradients. Some loss may also result from shortage of water for
sluicing; or the intermittent use of water in “splashes,” which
agitate the riffles, carries gold through the boxes. Lack of grade
may prevent employment of added ‘refinements in gold saving at
most hydraulic and some open-cut mines; however, refinements in
gold saving should be practiced at the drift mines where only the
richer part of the deposit is mined and at mechanical or other
operations where large amounts of barren or low-grade material
are first removed at considerable cost to get to the “pay.” Condi-
tions are generally favorable for this at such mines, as the gold-
bearing material is elevated and grade thus provided.

Although it is unnecessary here to discuss the refinements of
gold saving, certain Alaska methods will be briefly mentioned.

GOLD SAVING IN MINING METHODS OTHER THAN DREDGING
SLUICES

Long sluices are seldom used in Alaska on account of lack of
grade. Except where special hydraulic mining methods are em-
ployed, sluices more than 200 feet long are used only to aid in dis-
posal of tailing. The longer the sluice the more thoroughly can
the material be disintegrated. Narrow sluices and a deep flow of
material through them generally cause gold losses, especially if the
gold is fine. The flow through the sluices should be deep enough
to cover the largest bowlders but under average conditions should
not be over 6 or 8 inches. The tendency for the riffles to pack in-
creases with the depth of the flow.

In hydraulic mining, where the material is quite thoroughly dis-
integrated before it reaches the sluices, short lengths of sluices may
prove satisfactory, although if conditions permitted longer sluices
and undercurrents would be better practice. In hydraulic mining
of creek placers grades of 4 to 6 inches to the 12-foot box are the
rule, although higher grades are often created by using special
methods of setting the sluice boxes. A grade of 6 inches in 12 feet
is generally considered the practicable minimum under average water
supply, and higher grades are preferred when available. The sluices
should have enough grade to prevent blocking without excessive use
of water. At a number of the hydraulic mines a large quantity of
ground-sluice water is used because of the low grade available, so
the sluices run almost full; yet the gold loss is very slight, for the
gold is coarse and heavy, the material is well washed, and the sluices
are long. .

Fine gold, whether bright or coated, requires special attention.
The sluices should be wide, so that the flow may be shallow, and set
on steeper grades to keep riffles from packing. The saving of fine
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gold is best accomplished by separating the heavier material and
passing the undersize over gold tables or undercurrents. When the
gold 1s bright, the use of quicksilver is advisable.

In general, 80 to 90 per cent of the average gold recovered is
retained either in the dump box, if one is used, or in the first three
or four sluice boxes. The lower end of the sluice usually contains
only a very small percentage of the total gold recovered.,

SLUICE DROIS

Where practicable, vertical drops in the sluice help in disintegrat-
ing the material.  Although a fall of a few inches will help, the
most cfficient drop is 1 to 5 or more feet high and is placed where
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FicURE 69..—Dump or mud box

the material is'first passed over a grizzly or inclined grating. The
fine material and water fall into the sluice below, and the washed
oversize is dumped outside of the sluice.

MUD OR DUMP BOXES

The use of mud or dump boxes in sluicing is characteristic of drift
mining and mechanical mining in Alaska when the material con-
tains clay or mud and is difficult to wash or is delivered intermit-
tently in relatively large loads. Small mud boxes are also used at
some placers mined by “shoveling in.”

Figure 69 is a sketch of a dump box. The latter is merely a wide
sluice box. tapering at the lower end to the width of the regular
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sluice box and set on a grade of 7 to 14 inches on 12 feet. The
box may be paved with pole riffles (usually set lengthwise), with
block riffles, or sometimes with steel rails. Where a dump box is
used, an extra helper or two may be required to puddle the clayey .
material, fork out the large rocks, and see that the sluices do not
clog. The dump boxes at some mines worked by mechanical meth-
ods are 100 feet or more long. Unless the box is of ample size to
hold the load properly, it may become clogged and the material on
being released booms through the box and sluices, carrying unwashed
material to the dump.
RIFFLES

The principal requirements of rifiles for Alaska practice are that
they be efficient gold savers, cheap but durable, and not too heavy
and bulky. However, rifles which are efficient under one set of
conditions may not prove suitable under others. The Hungarian
or transverse riffle is commonly considered the best, although it re-
tards the flow more than the longitudinal. It is generally good
practice to use both, placing the transverse riffles in the upper boxes
with the longitudinal below, or alternating with short sets of the
transverse. The rolling action of transverse riffles tends to disin-
tegrate the material more readily than the sliding action charac-
teristic of longitudinal ones. The spacing between riffles is regu-
lated by conditions and by the results obtained. At Alaska placers it
generally ranges from 1145 to 3 inches; the longitudinal rifles are
sometimes given wider spacing.

POLE AND WOODEN-BLOCK RIFFLES

Spruce poles are more generally used in Alaska for making riffles
than any other material, especially for the smaller sluices. Pole
riffles are cheap and easy to handle but should only be used where
the gold is coarse. They are placed longitudinally in the sluices in
sets of three to five small green spruce poles 3 to 8 feet long, peeled
and held together by nailing them to crosspieces at each end; they
are often shod with strips of iron or steel.

Wooden-block riffles are used more at the hydraulic and mechanical
operations and are generally made in sets. A number of blocks are
set on end with spaces between them and held so by a strip of
wood nailed on one or opposite sides. The sets are placed cross-
wise in the sluice, so that the longitudinal spaces between the blocks
are offset or staggered (see fig. 24). The strips should extend be-
yvond the end blocks to allow the liners on the sides of the box to
fit over them and hold the riffles in place. Some operators merely
“toenail ” the blocks to the boxes, but sets properly made are more
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easily handled and held in place. Spruce and cottonwood blocks
are used, but cottonwood makes a poor block.

At one mine the three upper boxes were paved with wooden blocks,
with longitudinal rail riffles below. On cleaning up, very little gold
was found in the upper boxes, but most of it was found in the rail
riffles. The block riffles had been closely spaced and had “ broomed ”

over,
STEEL-RAIL, ANGLE-TRON, AND CAST-TRON RIFFLES

Steel-rail riffles are rapidly replacing wooden blocks, especially
where oil rails are obtainable from railroads and other sources at com-
paratively low cost, but the expense of haulage prevents their use
in the more remote localities. Rail rifffles answer all requirements
for efficient gold savers. The steel rails used weigh 12 to 40 pounds
per yard and are placed transversely or longitudinally, usually with
the ball side up. When used with the bottom side up, the rails are
commonly spaced 1 to 2 inches between edges. It is said that riffles
placed bottom side up do not pack, as they cause the proper “ boil,”
and that the gold readily lodges beneath and is protected by the
broad flanges. The wide surface of steel exposed when placed
longitudinally with the bottom side up lessens the frictional resis-
tance to the flow, which is of advantage where the grade is low.
There are numerous kinds of spacers, flanges, and methods of fasten-
ing the rails together in sets and for holding them in place in the
sluices. Bouery* made an extensive study of riffles at the La
Grange hydraulic mine in California.

Angle-iron riffles are used mainly on dredges, in some hydraulic
elevator sluices, and at a few small open-cut mines. Under favorable
conditions they are good savers of fine gold. They should not be
used where coarse material is sluiced. The angle irons are set trans-
versely, with the point of the angle usually facing the flow. At sev-
eral properties in the interior the use of angle irons set at a small
inclination improved the “boil ” and proved successful. At other
mines where angle irons were tried they packed hard and failed,
possibly because they were spaced too closely or not set on proper
grade.

Cast-iron or manganese grate riffles, some of which are patented,
are generally constructed so they can be set either transversely or
longitudinally. They are easily handled, are excellent gold savers,
and are long-lived, but are too expensive for the average operation.
Boiler tubes and old plates from dredge screens are used for riffles
at several mines.

47 Bouery, P, “A study of riffles for hydraulicking ” : Eng. and Min. Jour., vol. 95, May
24, 1913, pp. 1055-1060.
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STEEL PLATES

Plates of high-carbon steel are sometimes employed. They are
elevated above the bottom of the sluice and a transverse space is left
between plates, forming a pocket where gold is recovered. This type
of riffle is used mainly to save grade and is generally followed by
other kinds set at higher grades. The bottoms of the smaller sluices
are often lined with boards, so that a space is left between the ends
and the sides of the boards where gold can lodge. These are known
as “ false bottoms,” and as they reduce frictional resistance can be
set on lower grades, in the
same manner as sheet iron or
steel is used to line the bottom
of unriffled sluices or tail
sluices.

AN,

N ROCK OR COBBLE RIFFLES
NS 8 ] .

\%’, 1 NN Rock or cobble riffles are
%é 3 7‘044 m Ny rarvely used.  They require
§ e I, //%S steeper grades and, being diffi-

cult to lay and take up, are
A more adapted for tail sluices
or others which are cleaned up
only after long periods of use.

UNDERCURRENTS AND GOLD
TABLES

a
é Undercurrents and gold

tables are used for saving fine
or coated gold. At many
B mines their use has been dis-

FIGURE T0.—Sluice-box undercurrent. 4, Cross  counted, often for the reason
section: @, 14-inch steel plate, “%-inch holes, that the small amount of

B, Longitudinal scction showing rifle and .

plate: a, Perforated plate; b, expanded metal  Z0ld recovered by them did

screen or wooden cleats over matting, burlap, ot jUStify the additional

et,c' attention.

The material should be disintegrated as thoroughly as practicable
before it reaches the grizzly or screen. Undercurrents are there-
fore placed near or at the end of the sluice, and all of the water
and undersize should pass through the grizzly to the undercurrent,
only the clean oversize being retained and dumped to waste.

A sluice-box undercurrent (fig. 70) is used to good advantage at
many smaller operations in interior Alaska. An ordinary sluice box
is used, but the last box or two is equipped as shown and usually set
at a slightly higher grade than the others. The oversize from the
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grizzly or plate goes to the dump and the undersize passes over
gold-saving blankets of burlap, matting, or other material. The
material and arrangement of the blankets depend on the character
of the fine gold to be saved. Such undercurrents require cleaning
every day or two, as the blankets become slimy with mud. They are
removed, washed in a tub, and returned. These undercurrents have
been credited with 5 to 20 per cent of the total gold recovered; they
save much fine rusty gold. Even better results should be obtainable
if conditions would permit these undercurrents to be made wider
than the regular sluice and placed on higher grades.

On the Upgrade Association property in the Iditarod district the
gold is both coarse and fine, sharp and bright, and some of it is at-
tached to quartz. Plenty of grade is available, as the mines are on
the side of a mountain. There are no difficulties with clay. The
deposit is hydraulicked, usually with a small intermittent water sup-
ply. From 8 to 12 boxes 24 inches wide are set on a 17-inch grade
and paved with longitudinal rifles made of 2 by 6 inch timbers shod
with pieces of manganese steel 5 inch thick and 114 inches wide.
These riffles are spaced 114 inches apart and held together by a
crosspiece similarly shod in sets 6 feet long. One or two boxes may
be paved with manganese-steel grids set transversely.

At the end of these boxes is a grizzly of manganese-steel bars set
transversely with 34-inch spacing, the undersize going through a chute
to an undercurrent 4 feet wide and 12 feet Jong, set on a 34-inch
grade. The surface of this undercurrent is covered with cocoa mat-
ting, in turn covered with wire screen of 1j-inch mesh. Strips of
wood 1 inch thick and 114 inches wide are fastened transversely to
this at 30-inch centers. No mercury is used. The material which
continues over the grizzly goes to one box equipped with a sluice-box
undercurrent similar to the kind described. The undercurrents at
this property have recovered from 5 to 20 per cent of the total
clean-up.

GOLD SAVING IN DREDGING

The loss of gold in dredge tailing is usually small if the material
is thoroughly washed and disintegrated before it flows over the
tables or sluices. The same principles for gold saving hold on
dredges as for other methods of placer mining but can, in general,
be better applied on a dredge. Although numerous factors enter
into the saving of gold, much also depends upon the winch man.
Bedrock may not be dug clean or the sluices may be overloaded.
Unless the gold is coarse or heavy and the gravel is free of sticky
clay there may be a large loss of gold on flume dredges. According
to the operator, one flume dredge working a deposit containing
much sticky clay was losing about 40 per cent of the gold. Another
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feature adverse to eflicient gold saving on flume dredges is the exces-
sive amount of water generally required to carry heavy material
through the flume. The resulting high velocity or deep flow of mate-
rial does not permit the lighter gold to sink and be caught in the
riffles.

RIFFLES

The flumes of these dredges are paved with rail riffles, usually set
lengthwise. It would be better practice if some of the rails could be
set transversely, particularly in the upper part of the flume, espe-
cially if clay is present or the gravel is flat. Material will roll over
transverse riffles and be better disintegrated than when it passes
over longitudinal riffles, where it tends to slide more than roll. On
screen-flume dredges this practice is generally followed, and man-
ganese or cast-iron grate riffles may be used alone or with rails. On
the table-stacker dredges standard steel-shod wooden riffles and angle-
iron riffles are mostly used. The grades of the main tables average
1 to 11% inches to the foot.

UNDERCURRENTS

Some flume dredges are provided with undercurrents, and a closely
spaced bar or plate grizzly with small openings is installed in the
bottom of the flume near its lower end. The material passing
through this grizzly is conducted over short tables or sluices paved
with screen, expanded metal, or punched plate laid over cocoa mat-
ting or burlap; small special transverse riffles and sometimes an
amalgamation plate may be used in conjunction. The practical use
of these undercurrents is governed by their construction and opera-
tion, the character of the deposit, and the character and size of the
gold.

One flume dredge, formerly operated in the Council district,
reported that 20 per cent of the gold was recovered by the under-
current. The saving is usually less, and in some dredges the under-
currents have been discarded because of the low recovery. On the
Northern Light flume dredge a test made during one clean-up
showed that 82.54 per cent of the gold recovered was saved in the
upper 25 feet of the flume, 10.93 per cent in the next 30 feet, 3.73
per cent by the undercurrent, and 2.8 per cent in the tail sluice
beyond the undercurrent grizzly. This tail sluice was paved with
punched screen, 54-inch holes, laid over burlap.

SCREENS

Dredges provided with screens not only have the advantage of
better washing and disintegration of the material, but by shutting
out the heavier stones improve conditions for saving gold. Stiff,
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sticky clay is always a bugbear to efficient gold saving because of
its difficult disintegration and its sluice-robbing propensities. The
best means of treating such material is to retain it in the revolving
screen until thoroughly disintegrated. The material is rolled over
and retarded by bars and rings fitted to the screen and is further
retarded and broken up by high-pressure jets from nozzles set at the
lower end of the screen. Additional jets may play downward on
the material from nozzles projecting from a pipe extending length-
wise through the screen. The action is somewhat similar to that of
wet grinding in a ball mill, as the clay is worked over by the gravel
until it will pass through the perforations.

If nugget gold is present, the holes in the lower part of the screen
are enlarged, and the material passing through them goes to a sep-
arate sluice. The nugget sluice on some dredges yields 5 to 25
per cent of the total gold recovered.

SAVE-ALLS AND OTHER APPLIANCES

Save-alls have in virtually every instance more than repaid for
their installation and care. All dredges spill more or less material
from the buckets, and the gold therein is lost unless a save-all is pro-
vided. Many dredges report a saving of $2,500 to $5,000 by the
save-all during a working season.

A number of the table-stacker dredges were originally equipped
with jigs or other special appliances for recovering fine gold and
concentrate, particularly where such gold was coated with iron
oxide or other compounds and could not be amalgamated. All of
these, except the undercurrents mentioned, have been discarded.

MERCURY

Mercury is not required for saving coarse gold, and rusty or coated
gold will not amalgamate. Where fine clean gold 1s present, the use
of mercury in the riffles and undercurrent is essential. It has a
strong aflinity for clean gold, and the amalgam formed is more
readily retained by the riffles and is easier to handle in cleaning up
the sluices. Virtually all of the dredges (except small flume dredges
where gold is coarse) and many of the larger properties mined by
other methods practice amalgamation. There are many other mines,
particularly in the interior, where it should be used, as there is gen-
erally some fine clean gold present that could be saved by mercury.
Many miners, however, want their gold in dust, or wish to avoid the
small additional trouble of retorting the amalgam and handling
the product.

After a sluice has been used long enough to stop leaks and fill
depressions with material the flow is shut off. Then the upper boxes
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and the undercurrent are charged with mercury, or if much coarse
gold is present the mercury may be placed farther down the sluice.
More mercury is added from time to time as needed to keep the
amalgam dissolved. Some mercury, especially if charged too heav-
ily, will work down from the upper boxes. Proper charging can
only be learned by experience. The mercury must be clean and in
charging should not be broken in fine globules, which cause heavy
loss. Carelessness in the use of mercury may result in increasing the
loss of fine gold, but when mercury is properly handled and the
sluices are tight and long the loss is negligible. One or two flasks
(76.5 pounds per flask) of mercury are generally ample for the needs
of the average mine, although much more may be required on a
dredge or at a large hydraulic mine.

Amalgamated copper plates are sometimes used in undercurrents
or other small sluices, where only sands with fine gold are passed
over them. These scour very easily.

CLEAN-UP
SLUICE BOXES

The clean-up of the sluice boxes comprises removing the riffles
and collecting the gold dust or amalgam and the heavy concentrates.
The interval between clean-ups is generally made as long as prac-
ticable to reduce the delay, and depends mainly on the richness of
the gravel, the method of mining, condition of the riffles, and finan-
cial reasons. Dangers from theft or floods also influence the time
of clean-ups. With the richer gravels the dump box, or the first
few boxes, may be cleaned every few days, or the head box may be
cleaned after each shift, the lower boxes generally being left until
the final clean-up. With the leaner gravels cleaning up may be
done once a week, once a month, at the end of the mining season, or
when the pit is completed.

The flow of water in the sluice is cut down to the proper volume,
and the clean-up crew, usually two to four men, including the oper-
ator, removes the larger pebbles with forks or other implements.
Beginning at the head box, the riffles are lifted and thoroughly
cleaned before being removed from the boxes. Two to eight boxes
are generally cleaned at a time, some riffies or a stop being left to
prevent loss of gold. The material is worked along by stirring with
shovels, rakes, or scoops as the flowing water concentrates it. Most
of the gold or amalgam lags behind the heavy sand (or concentrates)
and is scooped into pans or buckets. The concentrates are worked
over and are then shoveled into separate receptacles. The process is
repeated until the next lower section is cleaned. All nail holes and
crevices are picked clean and the bottom of the boxes swept. Worn-
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out wooden riflles, lining boards, sluice boxes, and other wooden
equipment are burned and the ashes are panned.

The time required for a clean-up generally ranges from a few hoars
to a shift or two. Special methods are used at some of the mines,
and where the sluices are long the clean-up may require a week or so.

DREDGES

Most of the gold recovered by Alaska dredges is recovered in the
upper 25 feet of flume, or directly under the screens, or before it
reaches the lower half of the tables.

The time of clean-up on dredges varies with the condition of the
riffles. Some dredges clean up once a week and others once a month,
when usually only the upper half of the flume or the main parts of
the tables are cleaned up. The lower sluices are seldom cleaned
up until the end of the season. Many dredge operators state that
only a few dollars’ worth of gold are recovered from the last 5
feet of flume or riffled sluice and feel satisfied that very little gold
is being lost. No figures as to the amount of gold lost in tailing
are available, but numerous colors of fine gold can often be panned
from the washed tailing and both coarse and fine gold from the
unwashed clayey material. The regular clean-up takes from a few
hours to a shift; advantage is taken of the shutdown to adjust the
engines and make minor repairs. One dredge is so arranged that
all of the feed can be diverted to one set of tables while the opposite
set is being cleaned. However, the possibility of overloading the
tables and the difficulty of attending to repairs might outweigh the
saving in time.

RECOVERY OF GOLD AND PREPARATION FOR MARKET
CLEANING GOLD DUST OR AMALGAM

The gold dust or amalgam is mixed with more or less sand, scrap
iron, and other materials. The larger pieces of foreign material
can be picked out by hand and the particles of iron and magnetic
sand removed with a magnet. Where mercury is not used, the gold
dust is panned and dried, then screened through a nest of screens of
different mesh, and foreign particles picked out. The finer dust is
cleaned by tossing it into the air with a pan or scoop and blowing
off the sand.

Amalgam is softened with an excess of mercury and stirred in
buckets or ground in a mortar to bring the base material to the top
for removal. The excess mercury is removed from the cleaned
amalgam by squeezing through chamois skin, or drill, or other
strong cotton cloth,
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CLEANING HEAVY SANDS

The heavy material from the sluices and from cleaning the gold
dust and the amalgam may contain other metals or minerals besides
gold and amalgam, including native copper, silver, platinum, iridos-
mine, monazite, pyrite, marcasite, hematite, chromite, galena, cinna-
bar, cassiterite, wolframite, scheelite, barite, and stibnite. In addi-
tion, magnetite, ilmenite, rutile, garnet, zircon, tourmaline, and other
rock-forming minerals may be present. The specific gravity of some
of these minerals is almost as high as that of gold, so that separation
by water with ordinary methods is difficult. Where any valuable
mineral is present in commercial quantities, the larger bits are
usually picked out by hand or roughly concentrated by water.
Some of these minerals have been a valuable by-product of gold
placer mining; cassiterite has been the main product of several
dredges.

Platinum will not amalgamate and when present will be closely
mixed with the gold. Although it is as heavy as gold, thin flakes
float easily on running water and may not settle with the gold. The
black sands from the sluices and from the cleaning of the amalgam
should, therefore, be carefully panned. Any platinum spilling over
settles to the bottom of the tub and can be panned out later. The
gold and the platinum particles are dried; then the platinum can be
separated by the blowing process.

At some California gold dredges the platinum is recovered from the
tables with the amalgam and the black sands. When the amalgam
is cleaned, the platinum separates and sinks to the bottom of the soft
amalgam, which is then cleaned by careful panning or blowing,
and the sands are passed repeatedly over special pocket or auger-
hole riffles and carpet or cocoa matting surfaces.

At some Alaska mines all the heavy sands are panned, rocked,
or put over special small sluices. Some fine rusty or coated gold or
amalgam ordinarily remains in the sands. It is customary to stir
the sands in a tub or vat with cyanide or to put them in a clean-up
barrel, add cyanide, lye, or wood ashes, rotate the barrel to brighten
the gold, and amalgamate the gold in the barrel. This treatment
takes 20 minutes to several hours, after which the sands are panned
or passed over special riffles or amalgamated plates. Even then the
sands may still contain gold.

All placer concentrates should be analyzed and assayed, for they
very often contain large quantities of gold or other valuable min-
erals or metals that can not be recovered by ordinary methods but
may justify their shipment to a smelter.
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USE OF CYANIDE

Cyanide is often very carelessly used and when used in solutions
of certain strengths will dissolve much gold.

Maclaurin * states that-the solubility of gold in potassium cya-
nide is maximum at 0.25 per cent strength, is very slight in solu-
tions containing less than 0.005 per cent, and at 0.01 per cent is 10
times as great as in the 0.005 per cent solution and about one-half
as great as in the 0.25 per cent solution. A safe means of using it
is to make up a stock solution of 1 ounce of 98 per cent potassium
cyanide to 1% gallon of water and then use 4 ounces or about one-
half teacup of this solution to 10 gallons of water.

One operator in the interior puts his sands, which are mainly
garnet and magnetite, into a tub or box, adds cyanide and mercury,
and stirs the mixture for one hour. Then about 80 per cent of the
gold is recovered on amalgamation plates; next the sands are heated,
dilute sulphuric acid (about 10 per cent strength) is added, and the
sands are further heated. They are then treated as before, and
virtually all the gold is recovered.

RETORTING AMALGAM

The cleaned amalgam is broken and packed loosely into a pot
retort coated inside with clay, chalk, or paper. The retort should
not be more than three-quarters full. The cover is provided with an
asbestos gasket or luted with clay to assure a tight fit and keyed
down. The retort is then placed on its stand and heated by wood,
coal, or gasoline. The heat should be raised very gradually, as
volatilization of the mercury should not start for about one hour.
The mercury fumes are condensed in an iron pipe leading from the
top of the retort and fitted with a condenser through which water
runs continuously. The mercury is recovered in a vessel containing
water. If no condenser is provided, the pipe should be covered with
gunny sacking kept thoroughly wet. The retort should be kept at
dark-red heat until nearly the end, when the heat is raised to cherry
red. This heat is maintained for 15 minutes or so after the last of
the mercury has been driven off. The pipe is usually tapped with a
hammer to determine whether volatilization is complete.

PRECAUTIONS

The retort is allowed to cool gradually and should not be opened
until cold. Care must be taken to do all retorting in a well-ventilated
place, with the outlet of the retort kept outdoors, for mercury fumes

48 Maclaurin, J., “ The dissolution of gold in a solution of potassium cyanide’ : Jour.
Chem. Soc. (London), vol. 63, 1893, pp. 724-738; vol. 67, 1895, p. 199,
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are very poisonous. The lower end of the retort pipe should not be
under water, for a fall in the temperature might create a vacuum,
thus drawing water into the retort and causing an explosion. It is
safer to hang a piece of sacking over the end and keep it soaking wet.

The small balls of amalgam obtained by the lone miner are often
placed on a shovel and held over a fire to drive off the mercury.
This should only be done outdoors, and the miner should keep from
the fumes.

MELTING RETORT SPONGE INTO BULLION

The retort gold from clean amalgam should be spongy, readily
broken up, and a clean golden color. Incompletely retorted amalgam
will be light to dark gray, due to the mercury still present. Too
high a heat will cause formation of a tough dense mass. Sulphur,
arsenic, and other compounds will blacken or otherwise discolor the
sponge.

Retort sponge is often shipped to the banks for melting. The
larger producers, particularly those in isolated districts, melt it into
bullion for safe and easy shipment. A gasoline bullion-furnace is
usually used for melting the gold. A graphite crucible is gradually
heated and tested, and borax glass is added for flux and melted
down. The gold is then added, and as it melts more may be added ; the
crucible should, however, not be too heavily loaded. The borax glass
unites with any iron present and goes into the slag. If much iron
pyrite is present, some metallic iron may be added to unite with
the sulphur, forming iron sulphide, which comes off with the slag.
If much silica is present, soda is added, usually in the proportion of
one part of soda to two parts of borax glass. Toward the end of the
melt the slag is skimmed off with an iron rod and more borax
glass may be added.

When the melt is completed, the crucible is lifted from the furnace
and the gold is stirred with a graphite rod and poured into heated
bullion molds which have been previously coated by holding them
over oil smoke or rubbing with lard oil. The molds should not. be
too hot but should be hot enough to ignite oil when it is applied t